
~;-.i”..” “.] :%
. ,’.J’, ‘“ ,,,;’, .-J/,. ,’ .,/, ,+,./.

●

✎

✎✎

.

. .
. .

.
.

● ✎

✎

I

~
I;

I~

I
1

!

I
t

. i’
I
I

--, ,

.

4

.

.

,,

Mr. Theodore R. ~tiitcheli
Attorney at Law
Executive Director, fi4icronesian Legal

Services Corporation

Post Office Zux 226

Sai@n, Mariana Islands 96950
. . .

.,

Dear Ted: “
.

]2 _-’’cbruary 1975

.
. .

.
. .

I started to write a longer and more formal response to your—

letter forwarding the” reply to the DLIS. I threw it away, and
decidcci to forv.’ara the attached copy of the memo I wrote to my
staff after reading, ycur reply. ‘fT’lhis is rather ir4 armal, intieed,

but 1 wante~ vou ta know how seriously I view the proble=. s we

face. and i JLan’t see any excuse in ‘l’beating arourAd the ‘b”usi:.
If

.

X do not fault you. I si,mply am frustrated and coxicerned. ”

I’m still going to try my best, but we now are confronted with

new decisions and with a time schedule that may be impossible.. . .

.

—.. _...-. - . . .

.

.

.

. .—.-. . ... ....- ---— —— --

.

●✎✌

Sincerely,
.

WARREN D. JGHNSON ‘

Lieutenant General, USAF
.S)irector

BEST COPY AVAl@BLE
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MEMOMNDU~- FOR: DDOA

SUBJECT: Draft Environmental Impact Statement (DEIS)
.,

-.

.“
.

. .

. .
. .. .,

. . .“ .-.
. .

1. We need to have AEC (ERDA) representati~es and DOI representa-
tives read this. Then we need a conference at the earliest possible

date to discuss and determine steps to be taken.
I dontt want a big

meeting, but we can:t \vait for letters !

2. If it is decided that we should follow all or a substantial part of
Mitchellts recohmen~ationst I ~e~ieve the ProJ-ect-\a~es

a minim u.=

of a one year delay. This needs to be assessed AaAF. ..
.“

a. I cannot go to Congress for the funds we have now requested

-~nticipating such a delay, unless I frankly tell them we face such a

delay and the almost certain cost escalation.
(This applies even if we

reject the more extensive soil removal and the ciisposal of radioactive

debris away from the atoll. If we accept these more stringent measure
the 100 million dollars cited by Ted Mitchell is probably much lower

than the ultimate cost. ) In today’s fiscal environn~ent, I do not believe

we would have a prayer of getting any such funds.
Possibly-we could

still convince Congress with the uncertain cost figures,
but 1 seriously

doubt we could obtain even the first increment (for the base camp)
until we can nail down the probable total.

We need to assess this

s:,

- ASAP.

of Ted hlitchellts recommendations,b. If we reject all or part
+whatwould his reaction be?

.

(1) Would we face likely litigation? .
-)
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DIR .. 12 February 1975

SUBJECT: Draft Environmental Impact State’mcnt (DEIS)
%

(2} If so, again I need to tell Congr:ss “;nd again I do not “
k“lievewe’d get any money thiq year 1 . - - ● “

“ (3) Once we decide on a course of action, we need a meeting .

with Tcd Mitchell and this has to be laid out to him - honestly and. “
frankly. If we accept his recommendations and face delays and “
likely failure to obtain funds, then what?- If we reject his recom-

mendations, then what? I want to ask him point blank so that I can

be accurate and comdete in my statements to Congress. Because
he was so late w-enly to the DEIS. there just may not be time

. ;,.

3. There may bc an alternative course for dealing with Congress:
t#l them of the problems and ask for a reduced amount sufficient only
to assure present facilities do not further decay. This should be the
bare minimum to assure a smooth transition to later preparation of .,

the base camp. (In addition to present O&hi, I would “guess” this

would be somewhere around four million dollars. )
*

● . HOW can this be done since th= Pr~sicieniTs buciget has gone in?

●

✎

✎

❉

●

‘(What procedures ? } (I realize this will- anger OMB and Congress but

At may be the lesser of evils. ) We have been honest with them believing
(asMitchell. said to me in his telephone call) that his response to the. ..
DEIS wouldn’t contain any surprises. It did !
.

. . .
4. Having read the various replies to the DEIS, it seems to me we

.
,,

have to either reject some outri~.ht, or the return of the people to
Enewetak can never take place. This just doesn’t seem Iogiaal, since

.$

there are places in the world where people have lived for centuries . .

with radiation levels equal to or in excess of those which would remain
at Enewetak. It seems to me the statistical risk should be considered.

If the Dri- Enewctak want to return to the atoll, are they unwilling to
accept any risk? Don’t they face a possibly greater statistical health
xisk from other sources (like the suspected ruptured tubular pregnancy

-whilewe were there)? I believe if that question were put to them in

language they could clearly ‘understand, they would elect to accept the
“ rudent risks” wc (ERDA and DNA) have assessed.P.

.

.. ●
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DIR .. 12 February 1975

SU%JIZCT: Draft Environmental Impact Statement (DEIS)
--

a. However,” if Ted Mitchell is.~orrcct”in assuming’wc don’t have—
enough facts to assure ‘Iprudent risks” we should acknowledge that

lack, accept the clclay, and attempt to find the facts.
. .

.,
. . b. If Ted Mitchell is wrong, can we convince him he is wrong? 1: :
. sure am not the expert. We must rely on .ERD.q for this. It is not

~nly their assigned role, - but they th”e “experts. “
.’

c. All of us, including Ted Mitchell are playing “God” and we are
damn poorly equipped to do so! ! (Despite our best efforts. )

.“. . .

5. Please laY out a time table and keep me informed.
.

.

d

.“.,

Lieutenant General, USAF
Director

.“

.,

.

.
.. .

. .

.

..
.-. .

. ‘.
Copy” furnished:
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Conunents

of the

*“

People of Enewetak
.

.

Concerning ““.

Draft Environmental Impact Statement

CLEAN UP, REHABILITATION,
.

.
32NEWETAK

OF

ATOXJL-MARs~L

RESETTLEMENT

IS LAKIS

(DATED September 1974,
issued by the Defense
Nuclea: Agency, Washingtoil,
D. C. 20305)

.
.

t“
.-’

-Prepared by

Theodore R. Mitchell,
Counsel for the People
Of Enewetak

Micronesia Legal Services Corp.
P. O. ~OX 926
Saipan, Nlariana Islands 96950

----

February 1, 1975
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1. ~ntroduction

“The impetus for development of this program comes from

the long-expressed desire of the People of Enewetak to return

to their homeland. Although resigned to their nearly thirty .

‘Tear exile at Ujelang Atol”lI they have never given up hope of

returning to Enewetak, if but only if,.it is radiologically

safe for them to do so. They are aware of the substantial

social and economic problems which necessarily attend the
.

xelo,cation and resettlement of their more than 400 personsr

but the difficulty of assessing the risk from the extensive

radioactivity present at the Atoll as a result of the nuclear

; oapor,s testing pr~gram there is by far the most troublesome.

It is difficult enough for the laym~i LO comprehend what the .

experts in the various radiological ~ci.enc= fields are saying

... “ about the effects of radioactivity, but that difficulty is .

,..
compounded many times over the differences of opinion found

. among the experts, by the realization that even the experts

agree that the long term effects of some of the more dangerous
@

radionuclides are mot knoti by anyone at this time and may not

become known for many years to come, and it is unsettling to

learn that the standards used for the kinds and amounts of

zadionuclides to be tolerated in the environment and in nmn are

criticized by reputable experts as unreliable and inadequately

conservative. “
-1

Their individual and,collect3.ve desire to return to their

ancestral homeland is difficult for Americans to fully appre--- -..

ciate. To them land is not a commodity, a thing apart, to be

___
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brought or sold. In their culture the land and marine

environment of the atoll are fully integrated with the human

members of the society. It is an economic resource and more.

Ownership and use of the land reflects and is inextricably
.

linked to the social organization and to the culture as a who16.

10 be sure, their society has underga.ne and continuously is

undergoing change as a result of :orces both within and without,

but the extraordinary

resettle to the atoll

constant.

Thus, the People

significance of their being able to

discovered by their ancestors remains

of Enewetak are both the prime beneficiaries

and the prime risk-takers in this resettlement program. And it
.

4-:- -1..*e *a& -1= as=.sssiiierit and, if possible, elimination of the radio-

biological health risk that they are the most dependent upon the

United States government. The Defense Nuclear Agency and the

Aiomic Energy Commission have already devoted great amounts of “

time and money to assessment and remedy of radiological problems

presented by this program, but more will have to be done and LL.

will k.aveto be~done over a long period of time. And throughout,
.

the People of Ene@-etak will rely upon the responsible agencies

of the

assess

in the

United States government to do everything possible to

and minimize the risk due to the residual radioactivity

Enewetak biosphere. Nothing said in these comments, for

example, should ever be taken as an assumption of risk by the-1

people of Enewetak. When they left the Atoll in 1947 at the

insistence of the United States government it was radiologically

safe. That is the state in which it should be for their return.
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Of course, it cannot ever be restored to that condition, but

that must be the assumed objective in order that remedial measures

c~a nore likely fall within the safest possible limits, and so

that on-going efforts will be made to continually add to the

knowledge Gi radiological conditions at Enewetak and refine and

improve both risk assessineritand rei,ledialmeasures as the various -

relevant sciences develop over the years.

Not only is the United States trustee for these people, but

it has-an especial humanitarian obligation to them because of
4

the uniqueiy dangerous potential effects due to the use to which

the trustee put the Atoll. It is an absolute kind of responsi-

bility to both return the people to their home and eliminate the _

likelihood of so much as a single radiation induced illness or “-- ‘----

anomaly.

A full measure of gratitude is due and hereby given, however,

to the considerable efforts which the United States has made thus -

far. The planning for resettlement, the
.

planning for the clean-up, all represent

to the ultimate~ success of the program.

radiological survey, the

a very large contribytian

And we do not wish to

dampen the enthusiasm and interest of the many persons “in and out

of the government who have given devoted effort thus far. The

comments made here are offered im the spirit of cooperation, with

the realization that they will be received in that same spirit.

2. Social and Economic Problems Associated with Resettlement

Further consideration of the social and economic problems

---- associated with the resettlement must be given. This i.s perhaps

.’,,



one of the weakest aspects of the DEIS as it now stands.

Attention is given to both short and long rancje economic

;lznning (Vol. I, ~ 7, Vol. II, TabD), but in consultation with

the people themselves specific objectives and specific econmic

development possibilities must be found so that the shared aim”of

economic seif-sufficiency can be achieved. We realize that with

all the other aspects of this complex project demanding attention

up to now, this was not intentionally underemphasized. But as

the program moves into its clean-up phase more attention must be

giv& to meeting the future economic needs of the people. This

is especially true because since the writing of,the DEIS it has

become known that adverse radiological conditions in the northern.

and severely if not completely restrict the use of the northern

islets for the foreseeable future.

The Enewetak Planning Council must continue to be relied upon ●

to make the final value judgments upon one proposal or another
.

and upon the development of the economy as a whole so that it will.

be consonant wi,th their own capabilities and values, but one or
\

more specialists ~hould be engaged by the government and made

available in an advisory capacity. They must be carefully selected

both in terms of expertise in the field and suitability to this

kind of cross-cultural task and to the maximum feasible extent

the Planning Council should participate in the selection.
‘,

Resettlement to Enewetak Atoll from Ujelang will involve an

unusual amount of stress for individual members of the grouF and
---

for the group as a whole. Physical stress will, if all goes as



f
,,.$.il.,:U

r-~
.

plannsd, be at a minimum, but we have in mind here the enmti.cnal

stress upon the individual and the stress upon group processes.

:his matter is not addressed at all by the DEIS.

Ultimately, of course, it is for the people to manage the

transition well and to adapt with their society intact, but -

experience with
.

similar resettlement schemes M available and
.

should be used to increase the likelihood of successful resettle-

ment. The people themselves can benefit’ from greater awareness

of the-stresses they will experience and those outsiders involved
4

in planning and ‘working with them must have the same understanding.

Dr. Thayer Scudder of the California Institute of Technology,

a recognized authority on the subject and an experienced consultant,.

should be considered for this assignment and if the Planning

Council agrees, he should be engaged in this capacity.

has taken a quick lcok at the DEIS at our request. His

attached hereto as Appendix I provide valuable insights

Dr. Scudder

comments

and his -

contribution to planning and execution of the program would appear
.

to be necessary. (The article which he enclcsed is also usefuJ.

It is “The Impa<ct of”Human Activities on the Physical and Social
>

Environments: New-Directions in Anthropological ECOlCgY,a bl E.

Montgomery, J. W. Bennett and T. Scudder, 2 Annual Review of

Anthropology 1973.)

Participation of another anthropologist versed in Marshallese .

culture is also in order, to assist both the Enewetak people and

the outsiders involved in the program. Working in conjunction with

someone like Dr. Scudder, the total contribution would be invalu-
~.-...

able. Dr. Robert Kiste at the University of Minnesota has been

/0
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consulted by the governmental planners and meets these require-

i;21itSexceptionally well.

Short of involving so mny advisors and planners that

aecesions and action are unauly impeded, it is essential that
.

those representing all the relevant disciplines work together ;S

a group with the Enewetak Fianning Council and the governmental

decision-makers. To some extent this is what has been done during

planning to date, but for the remainder of the program, the

relevant disciplines should

representatives engaged and

advisory council.

be identified as such, appropriate

organized into a more or less formai

3.1. The Radiological Survey

The survey of radiological conditions at Enewetak Atoll in

1972 under the auspices of the Atomic Energy Commission is, we .

believe exceptionally good as far as it goes, but we have been

. advised by capable experts in the field that more work remains to

be done and that the qualifications of the four-member Task Group

which supervised we conduct of the survey, the assessment of its

data and developed final recommendations are open to question. It

is also apparent that as detailed and elaborate as that survey was,

follow-up gathering of data and careful assessment of that data is
.

absolutely essential, particularly with respect to the risk to

health from all low-level, long-life radionuclides and’especially

the danger posed by those alpha-emitting radionuclides known as

hot particles,----- such as Plutonlum-239 and Americium-241.

We do not wish to detract from the qualifications of the

_c–
,f.
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members of the Task Group, but in a field involving so m,anv

specialties and where equally expert opinions differ markedly,

i~ is imperative that the Task Group for follow-up studies be

enlarged to include scientists knowrlto take the most conserva-

tive approach tG radiation protection, such as Drs. E. A. Mart&ll

at the National Center for Atmospheric Research~ Ar’Cnur R. Tamplin

at Lawrence Li.vermore Laboratory, and Donald P.

University of Minnesota. Their presence in the

their participation in some other direct way in

to b: used for the gathering of information and
.,

is strongly recommended.

Geesaman at the

Task Group, or

designing methods

its evaluation

.

The 1972 radiological Survs”y (NVO-140) must be regarded as

an impressive beginning of long-range radiological assessment and

monitoring of the Enewetak environment with appropriate emphasis

placed upon not only the marine and terrestrial environments but

upon the radionuclide pathways to man. AS we shall discuss more -

fully below, more information is needed about the presence of hot

particles. The long range effects of Strontium-90 and Cesium-137

and other nuclides in the fo@ web cannot be known without experi-.

mental planting. ‘(DEIS Vol. II, Tab B, p. 29.) These are only

examples. And as time goes on, scientific kr.owledge of the nature

and.effect cf radioactivity is bound to improve and new techniques

for remedial measures will be found. These scientific advancements .

will be lost to the Enewetak people unless the United .States

government assumes a long-range commitment of the kind we suggest

here. lmd in so doing it is highly probable that important contri-

butions to the development of gxeater understanding cf radioactivity



and its effects will result, to the benefit of the United States

3.2. The Hot Particle Problem

It is ‘.~ith the kind assistance of Drs. E. A. Marten, Donald

P. Geesaman, Arthur R. Tamp2in and Thcnas B. Ccchran that we derive

ti;ur comments here concerning this ur.ique radiological hazard.

Drs. Tamplin and Cochran submitted formal cormnents upon this DEIS

to the Defense Nuclear Agency under date of September 24, 1974,

and we fully accept and endorse what they have said there. Their
.

cbsor<atims aiid ccrAceriis are eutireiy consistent with those of

Martell and Geesaman, expressed to us in personal communications.

For a discussion of the seriousness the hot particles problem

he attach as Appendix II, E. A. Marten, “Basic Considerations in

the Assessment of the Cancer Risks and Standards for Internal

Alpha Emitters,” (Statement presented at the public hearings on

P1-utoniurn standards sponsored by the United States Environmental

Pro-tecti.on Agency, Denver, Colorado, January 10, 1975.) To further

emphasize our grave concern. about this problem, we attach comments

aid materials provided to us by Dr. Donald P. Geesaman as Appendix

111. We subscribe fully to the views they express and we inszst

that they be dealt with fully in the final impact statement.

It is beycnd question that the presence of Plutonium-239,

Americium-241 and perhaps other alpha-emitting radionuclides at

Enewetak Atoll constitutes one of the most serious health risks

for the returning population. It is highly likely that inhalation

of very small amounts of plutonium gives rise to a high risk of

-.. lung cancer. And the DEIS completely falls to address the recent

\’$‘
-8-



findings of Marten and others that hot particles may very well

be a causative factor in a nunker of cthe~ disarders. See

Appendices II and III. The DEIS deals only with inhalation risk,

yet Americium is known to present a risk for the liver, spleen

and bone of man through take-up from the gastrointestinal tract.
.

(Marten, Personal Communication.) ~

Concerning the adequacy of tSe radiological survey with

respect to internal alpha emitters, Dr. Marten had this to say:

.

4
It is noted that the survey results for the

Enewetak Laaoon sediments show an average of 463
239+240” 241

mCi PU/km2, 172 mci m/kln2

(Table ~-llf p 2-75, DEIS VO~ume I).

the Am concentrations range up to

90
and 586 mCi Sr/km2

In addition,

8.2 pCi./g averaged
241 239

over the top 15 cm depth of soils, with w Pu

ratios varying widely and ranging up to 3.5 (NVO-140

,..
vol. 1, p 507). Due to further radioactive decay of

b
241 241

. l?u,the ~ activity concentrations can be

to double over the next 50 years. In addition,

?
vegetated soils on each island show the highest

activity concentrations.
239+240

The DEIS limits consideration of Pu

-- -.

expected

densely -

radio-

to

inhalation risks. However significant uptake of Pu

from the gastrointestinal tract has been observed in

young mammals and similar uptake may occur in young

children. In addition the uptake of americium in soils

by vegetation is substantially higher than plutonium

.

I

-9-



uptake. Similarly americium is readily taken up

.

------

from the gastrointestinal tract and accumulated

in the liver, spleen and bone of mammals, and

thus undoubtedly in man.
.

.

Based on these considerations it is possible

that uptake of americium in the food chain and its

accumulation in the liver and skeletal tissue of

man may be the critical path for exposure to
.

4 internal alpha emitters in the Enewetak Atoll area.

The radiological survey is seriously inadequate
.

with respect to americium distribution in both

vegetation and in edible marine life to assess the

consequent body burdens and heald consequences to

future atoll

Dr. Geesaman

inhabitants. (Personal Communication.)

independently identifies the same inadequacy
.

in the DEIS and also finds a need for further study of the mechanisms

by which plutonium contamination in the

the body. t“
\-a

The resuspension measurements

which relate the air contamination
.

soil may find its way into

.

and calculations

to the soil

contamination are not immediately compelling, and

deserve a much more careful analysis than I have

given them. I would be surprised if the analysis>is

meaningful to factor of 100, when used to determine

public health guidelines. Resuspension is poorly

understood, it is sensitive to windspeed, soil
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luus t

characteristics, vegetation, humidity, rainfall,

mechanical distrubance, physical and chemical history

of plutonium particles in soil. How then does one

consider the exposure of children throwing dry sand
.

on a windy day at the beach? I would anticipate
.

large fluctuations abcut the klplicit exposure levels,

which, even for the limiting soil contamination

guidelines and predicted air concentrations associated

with these guidelines, will be approximately a
.

=xinuun permissible lul~g burden. (Personai Ccmununication.j

Each of the questions raised here and in the related appendices

be addressed fully and carefully prior to resettlement of the

people of Enewetak Atoll.

3.3 Plutonium Soil Standards

Concerning the standard employed by the DEIS for maximum
.

permissible plutonium contamination of soils at Enewetak, Dr. Marten

. points out that “Thexe are no ICRP standards for soil levels of

Pu and the acti.ni.des or for lifetime exposures to internal alpha

emitters.” (Pe;sogal Communication.) And he provides the follcwing

critique of the standards adopted by the AEC Task Group for Enewetak:

The recommendation that plutonium contaminated
239+240

soils, with levels not exceeding 40 pCi Pu/g of

soil averaged over 15 cm depth, is suitable for human

habitation, can be very seriously questioned.

The State of Colorado Board of Health has adopted
---

interim-standards for Pu contamination limits in soils

. . .

\“
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in land areas for residential use, specifying that
238

Pu levels shall not exceed 2 dpm (0.91 FCi) per

gram of s’.Jr5=c2 soil (i.e., averaged over the top

1 cm depth of soil). It is noteworthy that the

AEC has not established that this standard is unduly “

conservative and it is not apparent that the AEC

has requested the ICRP or NCP2 to make specific

recommendations with respect to standards for Pu in

Soils applicable to-chronic exposure to the general
4

pubiic, including children.

I note that the DEXS recommends no re;edial
.

action for soils containing < 40 pCi or < 88 d~~t

Pu/g, averaged over the top 15 ~ depth. This is

much more than 44 times the Colorado interim standard

(2 dpm per g in the top 1 cm) because for most .

Enewetak soils-the top cm contains substantially

higher levels of Pu per gram than the 15 cm depth

average. Thus, for example, at location 101 on
.

239
Pearl, tie :op 1 crndepth shows 400 pCi Pu/g ,

whereas the average over 15 cm depth is about 60,

Thus the recommended standard for Enewetak is about

100 to several hundred times that adopted in Colorado.

There are recent research developments which>

are expected to lead to reductions in acceptable

organ burdens

1000 or more.

of Pu in man by a factor of 100 to

In my opinion it is likely that a 10

--

(1 “
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pCi lung burden of insoluble alpha emitting pauticles

for lifetime exposures. The typical burden of

~ respir=ble size ( < 5.0 urninsoluble particles o.

diameter) is about one gram in human adults. For
.

this reason I would recommend that surface soils
239

should not exceed about 1 pCi of PU02 and other

insoluble alpha emitting particles per gram of

iasoluble particulate of respirable size in the

resuspension of surface soils. On this basis even

the Colorado standard may give rise to excessive
.

Org&il btird~ii=.

Drs. Cochran, Tamplin and Geesaman all raise the same or similar

objections to the DEIS plutonium standards. .

Further explanation of the plutonium cleanup criteria developed

by the AEC Task Group is necessary. (DEIS, Vol. II, T* B~ PP. 111-8.

t.o111-11.) We have already mentioned the questionable wisdom’ of

the 40 pCi/g st&n~ard. Fo~ any concentrations exceeding 400 pCi/g

the Task Group recommendations require removal-of the soil” But

in the range between 40 and 400 pCi/g, the DEIS standards call for

. ‘corrective action ..... on a case-by-case basis.” (Vol. 11~ Tab B~

p. III-9.) Certain criteria are offered for guidance in the
.

exercise of this judgment, but they appear to be entirely too

unspecific and subjective. Once a decision is made to take correc-

tive action,------

\s”
-13-



the objective is to achieve a substantial
redl.lcti”~nin pl’ltOn~.U12 Soil con~en~~a~i~~s,
and furthez, to red?:ce cor,cent:ations to
the lowest practicable level, not to reduce
them to some prescribed n’~merical value.
(Ibid. Empnas~s added.)

.

Nor is it entirely clear who will be making these “case-b~-

case” decisions. Presurtably it is Lne “team of experts” referred

to in the recommendations of the Task Gzoup (Vol. II, Tab B, p. 27),

but we are not told who they are or how they will be selected.

Th$s whole approach must be explained and justified, espe-

cially at a time when the EPA is conducting hearings around the

country on plutonium soil standards for precisely the purpose of

developing “numerical values” for the maximum concentrations.

Indeed and if 40 is too high, then to make decisions on a “case-

by-case” basis within that range is to have no standard at all.

.. Before any final standa~ds are set for the radiological .
,.

cleanup of Enewetak, the International Commission on Radiological
.

Protection should be called upon for plutonium and actinide
.

standards applicable to air, water, soils and food concentrations.

for both soluble & insoluble activities, applicable to long-range

ecposure to the general public. Application should also be made

tO the U.S. Environmental Protection Agency for special hearings

for the same purpose. Consideration should also be given to the .

desirability of requesting the United Nations Scientific Committee
-1

on the Effects of Atomic Radiation to conduct hearings and set

these standards. (We are indebted to Dr. Marten for these

~. suggestions.)

-14-
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At any and”all of these hearings, every effort should be made

to ~~iclt the widest possible range of in$c?rrnation&nd opinion

bearing upon the question. Once such standards are set, they

should govern the planning and cleanup acti~7ities at Enewetak.
. .

3.4 RemGVal and Disposal of Rad~ocontaminated 14aterials—— -

These comments relate to the proposed removal and disposal of

contaminated scrap metal and soil treated in the DEIS at Vol. 1,

~~5.3.3.3 and 5.5.

All radiocontaminated scrap metal on the Atoll has been

identified and will be removed, as of course it must be, but the

precise method of disposal has not been determined. Four alterna-

tive methodg are discussed: ocean dumping of the loose scrap,

concrete encapsulation in the Cactus and Lacrosse craters at the

north end of Runit-islet, or removal to the United States mainland

for storage. We appreciate the practical and political difficul- .

ties presented by the various disposal methods which would remove

the scrap from the Atoll entirely, but the People of Enewetak are

adamantly opposed to any disposal upon or within the environs-of
. ●

the Atoll. Oce’an.dumping, according the DEIS (Vol. I, B 5.5.2.1),

was rejected “in view of the difficulty in obtaining

certainty of international complications.” Disposal

States mainland was disfavored for similar reasons.

2.4.) Disposal on the Atoll must be rejected and the

a permit and

to the United

(vol. I, ~ 5.5.

other methods

should be explored, the necessary permits and authority obtained

and disposal off the Atoll selected as the pxeferred method.

cost

Removal and disposal of contaminated soil presents mare serious

and practical difficulties, but here again the complete removal

I
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and off-Atoll disposal of all contaminated soil must be the

stated o~jecci-~e of the program.

Even using the high plutonium contamination standard set by

tne Task Group (40 pCi/g, etc.) , the total amount Of Atoll soil

~-hich would have to be removed and disposed is 779,000 cubic y;rds.

(Vol. I ~ 5.5.2.) If the soil standards are lowered as they

should be, that vclume will increase. .

It is suggested in the DEIS that cost, legal, political and

technical problems aside, the removal of contaminated soil and

its’replacement with clean soil may not “assure radiological

safety” and may present ‘serious ecological damage of unknown

is one which may reduce the program costf i.e. I high soil contami-

nation standards) , but a clear decision must be taken to study and

fuily assess the relati~n of soil removal to.dose reduction
.

(including the risk from airborne hot particles) and the likely
.

ecological effects of soil removal and replacm,ent. These studies
.

should be commissioned immediately and prosecuted with ail deliberate
.

speed. In the me;ntime, complete soil removal and replacement

should be adopted as the prime objective.

In addition., maximum effort must be made to overcome technical,

legal and political impediments to off-Atoll disposal of contami.- .

-mated soil.
>

-..

3.5 Radioloqic~l Monitoring of Cleanup

The AEC Task Group has wisely recommended the establishment

of “team of experts” to monitor the execution of the radiological

2’
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cleanup phase of the program. (DEIS, VO~. I, pp. 5-79, 6-5! Even

if the Task Group is enlarged as we have suggested and specific

soil standards are de-zeloped and imple.mer.te~t t;his monitorir.g group

will perform a crucial functione Th’us, i.t is important that its
.

membership be carefully selected. It i.s imperative that radio-

scientists of the most conservative cast be included in the

monitoring grouPO. Here again, we suggest that the names of Drs.

Marten, Geesaman, Tampli.n and Cochran.

,
.fid the on-site authority of the monitoring group should be

4
clearly defined,’ with all important. or unexpected problems to be

referred to the enlarged Task Group.

.
3.6. Test Plantings, Graundwater and Air Sampling_ _ .— .—.-..— --..— ..—-....

We are in full agreement with the AEC Task Group recommenda-

tions for test phntings, lens water and air sampling. (vol. I,

,. pp. 5-80 to 5-81.) But it is not clear whether the;e recommends- “

tions have been implemented. They must be and the studies should

be commissioned to the ’best scientists and technicians available,

under the over-all guidance of the enlarged Task Group. All of

these studies m~st deal explicitly with the hot particle problem.

3.7. Radiobiological Health Followup

. AEC Task Group recommendaticm 12 (Vol. 1, p. 5-81) calls for

‘Baseline surveys of body burdens and urine content of CS-137 and

Sr-90... for the Enewetak people prior to r=turn’to Enewetak Atoll,

and periodically thereafter.” But here, too, it is not clear

whether a firm commitment to long-range radiological health
-~.

mnitoring of the Enewetak popula~ion has been made, and, if SO,
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~rscisely hC7,J it will be implemented.

A fully adequate radiological health program must be

designed, funded and implemented. It can and should include the

people of Bikini, who will one day soon be resettled, the exposure

victims at Rongelap and Utirik Atolls and the Enewetak people.

The final impact

state clearly whether

include. It too must

statement shculd address this question and

such a program is planned and what it will

deal with the health effects of hot particles

and ali forms of low level radiation, with emphasis on internal
4

emitters.

3.8. Unknown Concerns

We have tried to identify all the radiological needs of this

program which require further attention, all with the ultimate

safety of the Pecple of Enewetak in mind, but we cannot be certain

that we have c?cne a complete job. Hence, we call upon the United

,. States government to continue to assume the important responsibi-

lity of giving the best and most careful attention to these matters

for the long range future.
.

4. Considerations Related to Cost

Funding requests for the initial phase of this program have

been previously presented to the United States Congress. They did

not receive very favorable or sympathetic consideration, to put

it mildly, by the members of the House Arm& Services and Appro-

priations Committees. In general, the objections related to the

~...
great cost of the entire

commit the United States

program and evidenced a reluctance to

government to the first phase of a



.0

pmgxm, the ultimate cost of which wculd be in the neighborhood

of :49,000,090. Hence, the request was disapproved. In the

House and Senate Interior committees to which the rehabilitation

and resettlement phases were referred in a legislative package

separate from the cleanup, sympathetic and faverable action was

:aken and $12,000,000 was authorized.

Notably absent from the presentations made to the Congress

and from the inquiries of the Congressmen themselves was realiza-

tion of.

States)

nuclear

the enormous benefit which (in the view of the United

has been derived from the use of Enewetak Atoll for

testing and related national security activities. In

the Armed Services hearings, the total projected cost of this

pxogram was divided by the number of Enewetak people and the

suggestion made that perhaps the money should simply be given

to the people.

We do not have accurate figures for the total cost of the

atomic energy program, the nuclear weapons testing program, nor

for the amount of money actually spent for programs at Enewetak.
.

But judging by figures we have seen (for example, Conqress And

The i?ation, Vol. I, p. 262, Congressionalo Quarterly Service,

1965) indicate that the cost was on the order of several billions

of dollars in the AEC budget, and that says nothing about the

undoubtedly large sums contained in one or more places in the

Defense budget. We will suggest a figure of, say, $50 billion
‘1

for the sake of discussion. That represents the agreed minimum

value to the benefit to the United States of the same activities,

-... the effects of which must now be remedied. Beyond the dollar

-19-
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value, the United States must assign a value tc the benefit tc

n~tional security of the testing p~q~am, hcwever aeb~ta~le that

benefit may be in and of itself.

T~c cost Gf

Enewetak people,

...e a very small

the direct benefits in this program for the

such as housing, community de%7elopment~ etc. ~

fraction of the total, about $5,000,000. And

even that portion of the total

to their forced removal by the

testing- program.

funding is directly attributable

United States to make way for the

‘And as we have said before, the United States undertook

trusteeship of the Micronesia Islands of its own free will

(without consent of the Micronesians) and put Enewetak Atoll, the

property of the trust: t.oits own USP fnr *he very nuclear testing

which deposited the radioactivity.

This is the only perspective by which to consider and decide
,.

.. ~~on tb.e outside cost li~lits of this program. The costs of the

radiological and engineering cleanup of the Atoll are properly to

be considered ordinary and necessary costs of the testing program.

Indeed, the cleanup should have been planned from the beginning

-and funded and done at the end of the testing program about 1958.

want

The Enewetak People

and are entitled to

In the presentation

do not want money in any amount, they

their land, in safe and habitable condition.

of future requests to the United States

Congress, this general approach should be taken and the leadership

of the people themselves

“Case 3“, outlined

-- offered as the preferred

-,

should be called to testify.

in Section 5.4.3, Vol. I of the DEE, is

plan for cleanup and resettlement of the ‘“

-20-
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Atoll . Essentially, it represents a compromise of ccst, radio-

logical and other factors, which ‘will be far short Gf the

tl.eoretically ideal “Case 5“. (Vol. ~r .5 5=495)” Exclusive of

contaminated soil and scrap disposal costs, the cleanup cost for

Case 3 is $35.5 million and for Case 5 it is $81.6 million.

Comparative soil disposal cost estimates are $7 million for Case 3

and $92.2 for Case 5.

We appreciate the political and practical realities of seeking

sums orithe order of $100 million from the United States Congress .
4

in these times of grave concern about the economyl but given the

“rationable stated above, it is Case 5 for which funding should be

sought and for which funding should be given.

Finally, quite apart from any cost-benefit analysis of the

nuclear testing programl as a result of a recent decision of the.

United States Court of Appeals for the Ninth Circuit (People of

Saipan, etc. v. U.S. Dept. of the Interior, etc., 502 F.2d 90

(1974)), the obligations imposed by the Trusteeship Agreement under

which the United States administers the Micronesia Islands has

become legally binding and enforceable. Under the terms of Article

6 of the Trusteeship Agreement, the United States is required to

“promote the economic advancement and self-sufficiency” of the
.

Enewetak People; to “protect [them] against the loss of their lands

and resources”; to “promote the social advancement” of the Micro- ““ -

nesians; and to “protect [their] health.” These are the express

obligations. Beyond that, like any t=ustee, the United Stateg

bears implied duties to protect and prcnate the best interests of

the beneficiary in every way.



Litigation by the beneficiary against the trustee tO enforce

these obligations would unseemly and costly. Every United States

cfficial involved, including members of the Ccngr’essl s::c.~ld

freely and willingly undertake to fulfill them by planning,

funding and conducting a cleanup, rehabilitation and resettle-

ment program for the Enewetak

5. Conclusion

We have made a number of

people which approximates the ideal.

recommendations in the course of

these comments to which we hope the program sponsors ”will give

consideration in the preparation of the final impact statement.

The recommendations relating to assessment of the radiological

xisk, if accepted, may or may not result in delay for the project

as now planned. We hope not, “but certainly the further study

xequired and the development of soil, air and food contamination

standards for plutonium may have a direct affect upon the initial

cleanup phase. We urge the Defense Nuclear Agency to proceed with

funding requests and planning for the base camp and to seek commi-

tments from the United States Congress for the estimated cost of
.

the program as a whole based on the “Case 5“ projections. But at

the same time all of the radiological investigations reco~ended.

here should he undertaken and high confidence results obtained as .

soon as possible so that they can be used to revise and improve

the radiological cleanup phase before moving forward with it.

It bears repeating here that we are mindful of the immense

amount of time, effort and money which has been devoted to develop-

ment of this program to date by many officials in the Defense

Nuclear Agency, the Atomic Energy Commission, the Department of

.0.



the Interior and its Trust Territory

,.
~nly the prlnc~pai agencies. We are

administration, to mention

deeply grateful the pro-

fessional and humanitarian commitment of all of these people and

special appreciation is due Lt. Gen. Warren’D. Johnson, Director,

Defense Nuclear Agency for all that he has done and will continue

to do.

Respectfully submitted by

.,

4

.

Theodore R. Mitchell, Counsel
for the People of Enewetak

Micronesia Legal Services Corp.
P. O. BOX 826
Saipan, Mariana Islands 96950

.

.
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Mr. Theodore R. Mitchell
Executive Director
Micronesia LegaX Services Corporation
P. O. BOX 826
Saipan, Mariana Islands 96950

Dear Ted.

TECHNOLOGY

October 29, 1974

●

.

.

,

I hiive now read through the threevolumes ofthe Draft Environmental
Impact Statementdealingwith the Clean Up, Rehabilitation,
Resettlement ofEnewetak Atoil-Marshallislands. One thingthatYOU
have goingforynu isthatthepeople of Enewetak wish to return home,

and have been pressing f=r ‘L: - &...- +- * .. ~.x~=y 06 +hn ~~~~~~~e&&Lbti“re. u.u *C. , Czzz. -- ----

associated with the type of compulsory relocation that I have studied
including the undermining of local leadership, are simply not present
●lthough I would suspect a carry-over from the past.

Another favorable factor has been the willingnesss of everyone involved “

to date (a) to listen to the local people (at least through their council

of 12) and (b) to take into consideration their wishes in planning their

zeturn= On the other hand, any kind of settlement s theme involves
stress to the settlers and as you note in your letter of October 11, ●

little attention has been paid to the potential impacts of this stress.
@,.

Because my predictive theory deals primarily with compulsory

relocation at the time of forced removal, rather than 28 years later!,

I will have to cast the net wider (which of course is a much more risky

business ) and deal with sefflement s themes in general, comgplsory

resefflement being an extreme example of this more general category.

As I am sure you are well aware, the history of settlement s themes
throughout the world is a grim one -- with probably over 90?’obeing
unsuccessfulfrom the pointofview ofboth settlersand sefflement
●uthorities.Itis hard to imagine a more difficulttask th
from scratchnew cornrmmities,which are both sociallya
economicallyviable. Though the situationis more favorabl
people are willingparticipants,inthe Enewetak case no se
selectionis possiblesinceeveryone who wishes to return
and old, conservativeand progressive, hard working and 1

~~~ip~~ ~
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/’,.
..“

be accommodated. In commenting on the Impact Statement I wish to

discuss in sequence (1) Housing (2) Social Services (3) the Economic

System and (4) Soclai Yactors associated with settlement. Let me

emphasize riglit ntiw that (1) and (2) are by far the easiest to handle

and (1) and (2) represent the greatest strengths of the Impact .

;Jatement. But while it is relatively easy to provide improved housing

and social services, it is much harder to create viable land and water

use systems -- indeed it is here that most settlement schemes fail.

And it is much harder to handle the social factors associated with
settlement as well as the institutional factors dealing with the inter-

relationships between settler institutions and those of the agencies

involved in their future -- all of which must be viewed as part of a

singk (and very complex) socialsystem.
*
(1) Housing. Though Holmes and Narver shouldbe complimented on
the extenttowhich theyhave taken intoconsiderationthe stateddesires
ofthe Enewetak people and theirsystem ofland tenure inproposing
house types,as Iunderstandthe situation,the people have yetto live
in housei ofthe tyne prcmosed. Ifso, we must distinguishbetween
what they ttunk they want and what subsequently they decide they want

after living in the new houses for a complete year.’” ~ strongly urge

that a small number af pilot houses be built for at least some of those
invoXved in the initial cleanup operation, so that the people will have

a chance to assess their strengths and weaknesses -- to work the bugs
out of them, so to speak, before the main construction program tends “

to rigidify their family structure and social organization in concrete.

for years to come. One thing that planners and architects tend to

forget when providing housing in permanent materials, is that discrete

structures in non-permanent materials provide more flexibility. .

Before pouring concrete one Should try to anticipate some of the

implications” which inevitably will arise (and which @J have an impact
on the peoples’ iives) and make corrections where desirable. Problems

of maintenance also need to be anticipated in advance and local people

trained to maintain their own structures.

. A major problem associated with many settlement s themes relates to
provision and maintenance ofadequatewater supplies. Though the
plans incorporatedinthe reportslook good to me, 1justwant to
xxmntion this general difficdty for the record, and to emphasize the

need to provide the simpliest facilities possible in terms of (1) peoples’

needs and (2) their hopes -- with tile second factor being far less

important than the first. I have seen too many projects where people,

after several years, must fall back on inadequate local water supplies

simply because government-provided facilities are inadequate to start
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Mr. Theodore R. Mitchell 3 October 29, 1974

with, or becallse costs for their ma~.lc~aance are riot pro,-iiied, or

because local people are not trained to properly use and ~maintain

them. While Iwas very fa.,’orzbly imprss:ec! 5:,’ the thinking an water

supplies within the reports, I wonder if fmmgi thought has gone into

problems concerning” their long term. maintenance.
.

---- . . .

L-

(2) Social Services. While impressed. again by the thoroughness with

which the desires of the local people have been taken into conside~ation,

it is hard to comment on social services without knowing more about

the breakdown of the population itself. None of the reports tell us
1

much about the current educational and literacy status of the people,

and about their goals for self and children -- other than to return ~0
Euewetak. Though obviously their expectations for imported items

,- has gone up during their 28 years of exile, what about their
Occup=tiwd desires, ---sna e~p~=ial~y the ~=cvLP=~ioF-=~ desires of t&

younger people? One thing that bothered me about the reports is that
.,

while four room schools are proposed for both the &iEnewetak and

driEnjebi, nothing is written about the type of education system ‘”

proposed for these schools and the type of teachers to be recruited.

Let me gener?-lize this comment to all types of service p~-~~--”=’-- .- —--, ~

since I was also concerned abcmt the lack of attention paid, under
agriculture and fishing, to extension personnel, let alone to the -

relationship of the different types of service personnel to each other.

I am raising here the fundamental question as to what different “
.-.,-

categories cf people will be willing to do, occupationally, once they . -

return and how best to facilitate their future economic and social

independence and development.

(3) Viable Land and Water Use Systems. The Master Plan was ba:ed

on the assumption that all the islands in the atoll could be used for
subsistence. and cash crop agriculture -- with a total available acreage

of approxim-ately 1000. As a result, howeverJ of the AEC Task Force

recommendations, this total has been cut to a maximum cf 722 usable

acres for a current population of over 400 people. Bearing in mind
the poor quality of the soil and the rapid rate of pop=+ation increase,

it seems to me absolutely essential that the people retain access tG .&-

Ujelang Atoll. Even then the available land area on a per capita basis

is considerably less than that utilized by the people prior to their
first relocation. The situation ~ worrisome and points up the need

.

(a) to obtain the best possible seed for coconuts for both subsistence
and cash crops purposes, with the search bearing in mind the major
advances in productivity that have occurred on research stations in
the Ivory Coast and in the Phillipines. (b) to push mariculture hard
while keeping the means of production strictly in local hands so as to

cpread employment. Equipment (outboards for example ) should be
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standardized and kept as simple as possibk (seagull type engines vs

Johnstones ). A number of interesting case histories come to mind

here including the lobster cannery which-is the principle employer

among the several hundred islanders on Tristan da Cunha in mid-

Atlantic who were moved from their home after a volvanic eruption in

1961 and returned there later in the 1960s. (c) provide a first rate.

unified extension service (d) ensure a dependable and sufficient

water transport service and pier and port facilities to connect Enewetak

to neighboring islands (including Vjeland and the relevant market ‘- ~~ :‘ ““ ~:
centers ). (e) actively attempt tc) diversify the economy, always

bearing in mind local desires, interests, ne’eds and expectations.

Especially attractive is the suggestion that the function of the Eniwetok

Marine Biological Laboratory (which apparently will continue uncle r
, AEC sponsorship) be expanded to include technical assistance to the

people. ‘&h the possibility of a Community College forcouple thisw..+
theMarshalls which would use the facilities already present cm Enewetak,
and one has one way of providing a unified extension service while
possibly broadening the economic base of the people. Such possibilities ~.

however need be carefully emluated concerning the extent to which the ~

pe+e will actuallv be invclved and the extent to which they will actually

profit. This caution applies even more to the development of a ~v~i~~t

industry which even at best is a mixed blessing on small islands. .,“-.

It seems to me that the future of the people of Enewetak depends on the

extent to which the people regain their independence and the extent to

which their atoll can become econtunicall y self - sufficient. It is my -

impression that the authors of the Defense Nuclear “A gency report do not

understand how much recommended Case 3 alters the assumptions on

which the original Master Plan was based. This alteration also has

major implications for social factors as I hope to show below. .

(4) Social@Implications of Sefflement. Depending on whether they are

driEnjebi or driEnewetak, the present move home will represent the
fifth or sixth time that the people of Enewetak have been moved since “

1944. Since the original move was compulsory, and hence falls within ~~

the scope of my own research, I suspect that it WLS accompanied by
a great deal of stress, which, for analytical purposes, can be divided .

into psychological) physiological and socio-cultural stress. According
to my own model of how people respond to compu [sory relocation,

this stress (or transition) period does not come to an end until (a) the
people once again get back on their feet economically or at least reach
the position that they held before relocation, and (b) feel at home in =

their new habitat. Since neither of these factors applies to the people

of Enewetak after nearly 28 years, 1 would suspect that the older

people (that is, ihose who were old enough to remember the trauma

I
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associated with the original moves] are still under stress. ‘,Vhat this

means, however, is hard to access at a distance since my theory
appliesprimarilyto the months and years immediately precedingand
followingforcei removal. All 1 can say isthatthe mental and physical
healthofthepeopleshouldbe carefullyassessed before theirshift
home and before they are involvedinmajor new ventures -- ventures
which would require radicalchanges intheiractivitiesand lifestyle”.
I say thissincethe theory predictsthatpopulationsundergoingiorced
removal behave as ifa socialsystem”was a closed system; thatis
they change no more thanthey have to in order to continuedoingwhat
they didinthepast and the changes which occur are incrementalrather
than .sudden. The insistenceofthe people through out all these years

that they be allowedto return “home” is consistentwith thetheory
h~re. But once the people gethome and the euphoria of having “won”

~ fades, what then? What can be expected when they begin to settle

down with three times the number of people on an idealized homeland
whisb can be only partially utilized. With these questions in mixid, 1

would like now to consider three points.

(1) It is- very important to recall that approximately 80% of the popu-

lation is under 30 years of age according to the populatiwr fig=res.
In other words, the large majority of the people will either have no
memory at ail or only a vague memory of life on Enewetak. Itis this
age bracket which strikes me as a major unknown. To what extent
do the Council of 12 really speak for them? To what extent do they
wish to return to the life style of their parents and grandparents? I .

can not answer this question at “a distance, in large part because the
Ekewetak population within the three volume Imps ct Statement is -

treated as if it was homogeneous. But I doubt very much that such

ia the case, a doubt that is reinforced by the odd statement in the
reports -- for example, “A number of people have been exposed to

education aa=y from Enewetak and have developed strong tastes for

imported foods and other hndixies” and the people have “acfieveda .>
good understandingofthe behavior md values ofAmericans, and “ ~
severalhave distinguishedthemselves in government and mis sian
schools.“ In assessing the impacts ofthe return on the people I

suspect we need at least differentiate from the very beginning between

the older 20% and the remainder.

(2) Cornpdsory resetiernent projects always run the risk of the
relocates developing a dependency relationship with the relocating
●uthorities. i would suspect that a strong sense ofdependency
characterizes the older people from Enewetak and that this w*ill continue
during the next decade. E>”en if the dependency does not already

exist, most of the people are goingto be dependent on outsidersfor
years to come simply because itwilltake at leastseven years to

9, -
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prepare lands for planting, to plant them and then to harvest the

resulting tree crops. Should the cash cropping of cocoriats proceed

according to schedule only then will the people begin receiving what

Holmes and Narver hope will be an ann~a} cash income of perhaps

$40,000 or slightly iess than $100 per capita in terms of present
population. In the meantime the people will have to use their trust

‘fund (which currently produces $6o, (100 per annum in income or “

somewhat less than $150 per capita) to-provide for their external

needs and to depend on the U.S. government and other donors.
Reliance on both the trust fund and on further external assistance

continues and increases the risk of a dependency relationship which

can be expected to make subsequent development more diificult.
Already the people have acquired a taste for outside. staples which

apparently on occasion can make up as much as 80?lo of the diet.

~ These include rice, flour, sugar, tea, canned meat, and fish; .in other ~ “~~:
words the usual foods that low income people desire after they come

into closer contact with the outside world. So we have the combined

problems of rising expectations and dependency, both of which have to

be taken into consideration in planning subsequent development for the
.

at 011. Neither m=~:es the task easy. Once the euphoria of regaining

the homeland pas ses, di sallusi onment may well come, along wtn new

demands on the United States (which of course continues to bear the

responsibility for the original move ) to provide for the people.

Looking to the future, very careful planning and plan execution will .“ .‘ ‘*’”. ~~

be required if the people are not to continue as wards of the government.”
.

(3) Another potential problem ccncerns future relationships between
driEnjebi and driEnewetak simply because the former cannot occupy

their former island or indeed their traditional section of the atoll.

Rather they will find themselves relocated quite close to their neighbors.

Although I note that distinctions between the lxvo populations have been

reduced to ihe ,exten t that the 12 man council is now elected at large
from all the people, and that the large majority of the population have

been brought up as members of a “single community, “ nonetheless the .
present plan to relocate the driEnjcbi on Medren and Japtan puts them

in the relationships of kelocatees’ to the driEnewetak “hosts” which

raises the possibility of the type of deteriorating relationships which

all too frequently characterizes hosts and relocates in other settlement

schemes, especially where the *O communities find themselves in

competition for scarce resources, resources to which the hosts
traditionally held claims. ‘1

At this point there is little more that I can sa;-without further kncwledge.

In conclusion, however, let me say that there are sufficient social and

economic problems connected with the entire relocation effort to justify

3’
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a well-thought ollt, longterm prcgram for “monitoring” events irom

this day forward -- in hopes of anticipating problems before they

arise and easing those that inevitably do. arise. If I can be of further

assistance alone such lines, please let me kr.ow.

With best wishes.
.

Yours sincerely,

“ +PJ

Thayer Scudder

Professor of Anthropology
.

4 gsh

enclosure

P.S. I enclose an article which surnm arizes the impacts of compulsory

relocation of people moved i.n connection with big dam projects which

may be of some use to you. No, I have not seen Tobin’s thesis nor do

I have easy access to it. If you can get me a copy I would much

appreciate it.
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1. Introduction: The adequacy of the biomedical basis of standards—.

for occupational “acd public exposure to plutonium and other internal

alpha emitters have been widely discussed(145) and seriously questioned.

The serious uncertainties in the cancer risks at~ributable to
.

internal alpha emitters must be resolved ~efore we are irretrievably “

comltted co a nuclear energy program. This is a matter of ixnediate

concern in the western suburbs of Denver due to-plutonium and americium

contamination of surface soils in public areas around the Rocky Flats

Plutqnium Plant
(9) . liany other localities are simllar~y affected by

ttanuranium element contamination and Its attendant cancer risks.

Recent controversy regarding the adequacy of plutonium standards

as which organ and how small a tissue volume constitutes the “critical”

organ (i.e., that experiencing the highest cancer risk), and whether the

aver”agealpha radiation dose to the critical organ or the tumor risk

attributed to a given number of individual hot plutonium oxide particles
. .

provides the best guidance for the assessment of ris’ksand standards
.

for plutonium.: Geesaman
(6)

has discussed possible mechanisms of cancer

lnductionby hot ~articles and concludes that the tumorigenic risk may

be as high as 1/2000 per particle for submicron particles of plutonium

oxide. A recent (8)examination of hot particle risks by Tamplin and Cochran ,
.

based largely on the Geesaman study, led these =uthors to recommend that

the occupational M%E (maximum permissible lung burden) be reduced by a

factor of 115,000, to a value of 0.14 pCi. A recent study
(lo) was

carried out by Bair, Richmond and Uachholz at the request of the U.S.

Atomic Energy Commission with the specific objective of providing an

.

updated review of the evidence bearing on the problem of uniform vs
.!
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nonuniform alpha radiation dose distribution in

of this study take exception to the conczusims

Caesarean,Tamplin and Cochran
(6,8) and conc+ude

the lung. The authors

and reccrmendations of

that

“the nonunifoin dose distribution of plutonium particles in
the lung 1s not more hazardous and may be less hazardous than
if the plutonium were uniformly distributed and that the mean .
do8e lung model is a radiabiologically sound basis for
establishment of plutoniw standards;”

~ Bair et al.
(10)

fail to

80me of the recent published

tumor risks for 236Pu02than
.

take into account the full implications of

results: in particular, the obsened higher

for 23%02(111 the apparently Mmited

biological response of &mmal lung cells from 23*Puand 23?Puincorporate
#

Into ceramic udcrospheres
(12,13)

and the tobacco smoke radioactivity

*esult*W The latter results imply that as little”as a few picocuries

“of insoluble alpha emitting particles in the lung may give rise to a

significant risk of lung cancer and oth~i ~=~ious health effects in . .

-thechronic exposure case.
.. .

On the basis”of a brief review of the known effects of alpha inter- .

●ctions with cells (below) it will become evident that alpha radiation

hduced cancer in mammals and man must be brought about by subject~mg

● 18rge number of living cells to a limited number of alpha interactions.

Thus, in prfncihe~ the highest riek would be associated with a uifom

distribution of the alpha dose, in accordance with the conclusion of

Ba%r et al. However,in fact, we are almost always concerned witha highly

4rregular tissue dlstributton of alpha emcLtttigparticles. For hot
.

part~cles, the tumor incidence must be due to the low dose irradiation

of ● largenumb= of cells by a very small fraction of the hot particle

burden. And

●ppear to be---

Ztkta6erious

for long term exposures, unacceptably high tumor risks

associated with picocurie burdens of internal alpha emitters.

possibility calls for a drastic downvard revision of permissible
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exp~sure standards for tnhaled plutonium. It also is possible that the

critical health effects for inhaled alpha emitting particles are the

incidence of atherosclerosis and other degenerative diseases of the
‘,

cardiovascular system. The published evidence supporting these conclusions

$s briefly reviewed below.
●

2. Tumor Production: The interactions of various types of radiation

with living cells and their mutagenic effects have been widely investigated,

with results which have been reviewed and summarized by Lea
(15)

, Muller(16)

and others. When alphas interact with the chromosome or its genes in
.

the-nucleus of a cell, the dense ionizationin the trackof the alphapar-
4
titlesgive rise to closelyspacedbreakswhich bring about a wide variety

of irreversible chromosome structural changes, or mutations. X-ray and Y-ray

Interactions gtve rise to a diffuse distribution of ions, resulting in -

tidely sp-e~d +nd~vidual breaks, most of which can undergo repair by

recombining without structural change. Thus permanent structural changes

for X-rays and Y-raysare proportionalto the
,.
.’ greatlyreduceciincidenceat low dose rates.

changes resulting from alpha interactions are

square of the dose, with
.

By contrast, structural

directly proportional to

the number of interactions and are independent of alpha interaction rates.

Thus, with reg~kd to the production of irreversible structural changes in
.’

cells the relative biological effectiveness of alpha radiation, compared

to X-rays and Y-rays, increases markedly at lower dose rates and over .

“longer periods of exposure.
.

. .

For alpha interactions with cell nuclei, most of the structural

changes are lethal and lead to the mitotic death of the cell,at the next

or subsequent cell division
(17,18)

However, as Lea
(15)

● and others have

pofnted out, some cell nuclei experience only minor structural changes
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(chromosome inversions, duplications, trarislocations,deletions, etc.)

and remain viable. However, although only a very small fraction of alpha

Interactions give rise to viable mutated cells, these survive to -
“.

proliferate, vhereaa cells which suffer lethal changes axe eliminated

from the cell population. Thus in the case of long-term exposure of ,

tissue to internal alpha emitters at low dose rates there is a cumulative

Increase in the population of cells which have survived one or more

chromosome structural changes. However it is equally obvious that a

cell whose nucleus is subjected to repeated alpha interactions within.

the bean life of the cell has only a negligible chance of survival.
4

Xt ts likely that the production of a radiation-induced tumor begins

., with the formation of s single malignant cell characterized by a combina-

tion of twwor more chromosome changes and/or gene mutations. The alpha

radiatiox-induced bone tumor incidence in dogs is observed to be propor-

. tlonal to the square of the alpha dose
(19)

implying that a sequence of

two or more low probability events mustbe involved. This is consfst=t

(20,21) based -
with the two-mutation and multiple-mutation theories of cancer

on the age distribution of cancer in man. On the basis 6f these consider-

at~ons the production of a malignant cell involves a sequence of events,

88 follows: (i) ~roduction of a viable mutated cell; (2) clone growth

from the mutated cell; (3) production of a second viable mutation in
—

one or more of the clone; . (4) growth of a clone of doubly-mutated cells;

. -@c ● Thus, for a two-mutation sequence, the tumor risk would be proportional

to the R2t2(t/Tc), where R is the

exposure, and ~c is the mean life

cell. The term (t/Tc) represents

of the singly-mutated cell on the

Ws tumor risk relationship

.

alpha dose rate, t is the time of

of the normal cell and singly mutated

the influence of the growth of the clone

long-term risk.

makes It abundantly clear that a linear
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extrapolation to low dose rates is not only not consemative for alpha

radiation induced”tumors, but rather that there is a marked inverse dose-

xate vs risk relationship. There is an increasing body of published

experimental evidence that reflects this trend.

Speis’sand Ilays
(22)

observed,that far 22QRa alpha radiation induced bone

sarcoma in man, :he t“a.zrincfdefizeper rad approximately dcmbled for a fosr-

fold increase in the spacing of 22k~ injections and that the observed incidence

of bone tumors per rad in children was nearly twice that for adults. upton

et al.(23) show a significantly higher iacidence of tumors in mice for a.

given neutron dose at more protractedperiodsof exposure. Moskalevand

23SPUdose over

6

‘ Buldakov
(24)

showed that fractionation of the administered

“’ larger periods of time increased bone tumor induction. The higher tumor
.

incidence p& rad for the smaller.lung burd~n= cf crushed 238Pu02 micrs-

spheres observed by Sanders
(11)

seems best explained by the limited alpha

Irradiation of large n“inabersof cells by numerous very small, mobile

----

particles of low activity per particle

low alpha doses from 210Po distributed

&lveolar region show a marked increase

(25)at very low doses and dose rates .
?

(see below). Hamsters subjected to .

quite homogeneously in the bronchiolar-

In the lung tumor incidence per rad

And the incidence of bronchial c=cer

in uranium miners ‘reflectsa higher tumor risk per rad at the lower doses(26)

fox thfs low dose rate exposure group. Z’hetobacco radioactivity results
(14)

indicate a significant tumor risk for the cumulative alpha radiation dose

from 210Po in insoluble particles in the bronchi of smokers, involving much . .

lower dose rates.
\

Based on the above considerations it is evident that the tumor risk is

optimized k-hena very large number of cells and their descendants are

subjected to only a few widely spsced alpha interactions with the small
.



.,
.,

(-. -.. f-+??
-6- .

target affordedby the cell chromosomes. This follows necessarily from

the fact that mo~t alpha interactions with ceil chromosomes lead to the

(17,18)0 me
subsequent mitoticdeathof the cell, as Barendsenhas shown

?roductionof a malignant cell calls for a sequence of two or more lcw

probability events and thus cannot be speeded up by the application of .

massive alpha doses, but rather only by subjecting a much larger number

of cells to a limited number of Interactions. Additionally, assuming that

the tumorrisk to-the tissue subjected to alpha irradiation is proportional

to R~t2(t/Tc), expiained above, it is apparent that the-alpha activity

concentration or the activity per particle which is equated to a given

tumor risk decreases with increasing time of exposure and also that K given

.tAsk can be attributed to smaller cumulative doses when the time of exposure

t. js a?prec-iably longer than the mean life of the cell, ~c. i3rues(2’) and

Ikwch(’8) both pointed out that the two-mutation theories of carcino-

q$lesis
(20,21)

would imply an exceptionally high effectiveness of widely

spaced radiation for tumor production. It is proposed that.just such a -

dose rate relationship senres to reconcile the observed significant tumor

risk in cigarette smokers with the presence

insoluble smoke particles-involving a total

of a persistent lung burd?n of
.

of only a few picocurim of
?

alo#4)* .:

3. %ot” PU02 Particle Risks: If the above tentative conclusions are

correct, then the same considerations must apply in the assessment of

tumor risks for hot particles. In this connection a preliminary considera-

tion

hot

.

of the influence of specific alpha activity and particle size of the
‘1

alpha emitting particles is in order.

Uabe et al}”) report an apparent rate of dissolution of 2’SPU02

in lung fluid which is two orders of magnitude higher

for *3SPU02 part:cles. Such a dramatic difference in

than that observed

the chemical behavior
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of two isotopes of plutonium is sexiously inconsistent with the negligible

influence of isotope effeccs on the chedcal id.netics of hea>y elements;

Thus it seems necessary to explain this appaient volubility difference on

physical grounds. The specific activity of the 2’8Pu02 particles (-80%
.

2S$PU02 and -20% 23SPU02) was about 220 tines that of 239Pu02. In addi~ion

the 238Pu0 particles exhibited a very significantly lower density than the
2

239Pu02 particles
(y))

, indicating a highly feulted structure and weakened

intermolecular bonding for the 238Pu02 particles. Fleischer(31) proposes

that the apparently higher dissolution rate for 23aPu02 ‘my be explained

b; the alpha recoil aucleus ablation of the surface iayers of che particles,

with a fragmentation rate proportional to the specific,alpha disintegration

rate and with variable seizesof fragments ranging up
.

poorer structural integrity of the 23ePu02 particles

Increase in the size range of the ejected fragments.

ranging pp to tens of angstroms in diameter or more,

to-104 atoms. The

may give rise to an

Such small fragments,

would pass readily

through the O.l~m diameter pores of the membrane filters used in the
.

..

dissolution experiments(29). Also, such small ablation fragments may exhibit

a much higher mobility in tissue than that of 0.1 to l.O~m diameter, the

size range of particles used in most animal inhalation experiments. &is
*

greater mobility fir very small ablation fragments in tissue may explain

the observed more raptd rate of translocation for23’Pu02 than for 239Pu02

from

than

lung

the lung tc the liver and bone
(32,33).

Another explanation for the apparently higher volubility of 23’Pu02

23ePu0 is the possibility that the intense alpha radiolysis of the
2

fluid at the surface of the particles leads to the production of

chemically active free radicals which in turn react with PU02 molecules
-- --.,

on the particle surface. This process also would proceed at a rate

proportional to specific activity and to particle surface area. In this (,‘/
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case the dissol-;edplutonium would diffuse zway from the hst part~cles.

Xo~ever this dissolved plutonium undoubtedly would be S1OWLY redistributed

in the lung in the same
(34) for

Cashion as that reported by Moskalev

inhaled soluble compound: of plutonium, resulting in a highly non-unifom

distribution, with hot spots located pre~ominantly in the sub-pleural region

of the lungs. ‘I’h isgradual conversion of the soluble plutonim compol~ds

to small colloidal size particles at focal poin~s of activity may be the

result of the self-chelating properties of tetravalent plutonium in solution.

=h recent studies of rat inhalation of 29ePu02, Safiders
(11) has

involve smaller particles and a correspondingly larger surface area. The
.

observed more rapid rate of t~allslucu~iu~t ‘fi---
L- -**-JL..+--1

tClGLAU=LCX~Si&S C~ii WG cbkb*4.uub+-

variously to the higher mobility of the smaller particles, or to the higher

rate of surface ablation (or dissolution) for the increased surface area,

or both. The higher tumor incidence can be attributed to the fact that

“thegreater mobility and wider redistribution of the 238Pu02.microspheres

and their breakdown products subject a much larger number of cells to a..

limited numbertof alpha interactions.
●V ... .

The correctn~ss of the above interpretation is reinforced by the

results of the Los lilamos ceramic sphere experiments reported by Richmond
●

et al.(12,13) and further discussed by Bair et al.
(lo)●

In these experi-
. . .

ments 2000 zirconium oxide microsphere of 10 pm diameter, each set con-
... ,

taining a specified amount of plutonium, were injected into the lungs of
.-,

groups”~f experimental animals. .The total pU~tcniun per microsphere

299Pu and from 4.3 to S9.4 pCi. ofranged from 0.07 to 1.6 pCi of
2s8pu,

with identical activity for each of the 2000 microsphere in each of eight

animal exposure groups of 70 animals per group. The local dose rate,
..”

. .
. .

.-

.
..

. .
#

*, .
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averaged over the small tissue volume within 40 urn from the surface of

*he ceramic microsphere is ‘17,000 rads per year for the 0.07 pCi micro-

sphere, or -~00,000 alpha disintegrations per year within each micrcgra~

of irradiated tissue. l&e dose rate is correspondingly higher around the

%ticrospheresof greater activity. Less than one

one millionth of the lung, is subjected to these

The limited biological response obtained in

.

milligram of tissue, only

massive radiation doses.

these experiments is

consistent ,withexpectations based on Bar’eadsen’sresults(17,18); the small
.

population of cells within the alpha range around the microsphere exper-

i&nce so many alpha interactions that they all receive chromosome struc-

tural changes that result in their mitotic death. The.10 ~m diameter .

ticrospheres are immobiie in tissue. Also their specific alpha activity

- is so 20W compared to pure ?UU2 cnac them surtace recoil ’ablation’and

., dissolution rates are negligibly low. Thus in these experiments there

Is no large population of cells which are subjected to a limited number
.

of alpha interactions, as is the case for Sanders crushed 236Pu02 mlcro-

(11)
sphere experiments . Richmond and Voelz

(12)
observed only two lung

tumors (at 9.5 months and 12 months in animals exposed to 2000 ceramic .

adcrospheres of 0.42 pCi
.

239Pu per microsphere) for a total of -10° hot
b

particles. It is-proposed that these two tumors may be attributed to

-econdary protons ejected by alpha Interactions with hydrogen atoms. The

-expected yield is one proton per ~04 alpha interactions. Such protons
.

have energies of about 100 KeV and a range about 4 ttmes that of the alpha

particle. Thus these secondary protons irradiate 63 times as many lung

cells at correspondingly much lower doses. It is unlikely that the two

tumors observed in these experiments can be attributed to X-rays or

~., (35,26)y-rays from plutonium for reasons discussed by Warren and Gates .

b
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4. Critfcal YG21t?7Y=fccts: It is widely recognized thzt inhaled insoluble——

,,alpha emitting particles deposited in the lung are, in part, translocated

via the phagocytic action of macrophages tc”the lymph nodes

sites in the reticuloendothelial system, and also via blocd

the liver, spleen and bone marrow. Recent experiments with

and to other

leukocytes to
.

inhaled

plutonium make it evident that the pattern and rate of translocaticn of

plutonium from the lung to other sites is highly dependent on particle size

and specific activity, with more rapid “transportof the smaller and more

acti+e particles. Thus, it is far from obvious whether the lung, lymph
4

.nodes, liver, bone or other organ, or fraction thereof, should be taken

as the critical organ or critical tissue site.

It hag long been known that those tissues in which there is more

●ctive cell division suffer the earliest and most severe radiation damage

effects, and that this includes the blood forming cells in lymphatic glands

(16*37)Sucheffects ticlude the destruction of rapidlyand in bone marrow ●

multiplying cells that produce the blood platelets which assist in the
.

control

reduced

effects

of blood clotting. Similarly the population of leukocytes is

with a corresponding reduction in resistance to disease. Thcsq

plus the accompanying chromosome structural changes can give rise
.

to the e&rlier i;cidence not only of cancers, but the whole pattern of

.diaeases of the cardiovascular and renal systems
(37,38).

Let ua review the mounting evidence which suggests that inhaled

insoluble alpha emitting

and thus give rise to an

strokes. Atherosclerosis

particles may be the agent of atherosclerosis

increased risk of death by early coronaries and

is reported to be present in every instance of

(39)
partial or complete arterial occlusion and every case of coronary thrombosis .
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Recently Bendltt has shown
(40)

that the

a monoclinal proliferation cf a mutated

an arterial tumor. Elkeles
(41-43) ~,a~

human atherosclerotic plaque is

cell of the artery wall, and thus

obsqzwed anomalously high concen-

trations of alpha activity at the calcified plaque sites. In addition

.atheroscler~sisplaques normally occur in the main and abdominal aortas.
.“ (42-44)

and the coronai~ arteries, but rarely in the ?ulznon~ryarteries .

This distribution suggests a respiratory origin for the mutagenic agent.

Attempts to reproduce arterial lesions in animals by chemical, mechanical

and nutritional means have not produced plaques similar-to those of
.

atherosclerosis in man
(40). However atherosclerotic plaques have been

directly induced in human arteries by intensive irradiation with X-rays

and radium(45). ThereXs a high incidenceof early coronariesamong
.

cigarettesmokers,with a mortality rate for males who smoke two packs or

more daily that is 2 to 2.5 times that of non-smokers but at a mean age

‘46~ora11 these reasons it is proposedof death sone 10 to 16 years earlier.

that inhaled insoluble alpha emitting smoke particles are very likely to be .

the mutagenic agent which gives rise to atherosclerosis in cigarette smokers.

If this is the case, similar increased risk of early coronaries are to be

expected for ocher groups of individuals who are occupationally or env~ron-
t

mentally exposed to the inhalation of insoluble alpha emitting particles

of respirable size. Attention should be addressed to industrial and combustion

product aerosols which contain uranium oxide, thorium oxide and lead-210,
.

●s well as to plutonium oxide from nuclear industry, nuclear accidents

and fallout from atmospheric nuclear tests.

The first and most obvious place to look for such effects is among

past and present plutonium workers. Very significant increases in the

incidence of early corcnarks as well as lung cancers and cancers at other

sites is observed amon8 cigaretteemokers
{46)with insolublealphaemitting

~1



particle burdens of only a few picocuries of
(14) ~d

210Po tn the lung

(41-43;●

similar total alpha activity per 100 grams of arte~ial wall tissue

By comparison, plutonium workers exhibit plutonium organ burdens rariging

(47,48)
from a few picocuries to a few ‘~nocurics or more . Ana although

●

there has been no epidemiological study of the age-incidence of heart “

disease and cancer anong plutonium workers, the limited pubiished information

bearing on this question is more disturbing than reassuring. Most often

(49,50)
cited is the medical experience cf 26 plutonium workers at Los Alamos s

usually accompanied by a statement to the effect that none of the medical.

plutonium. With equal justification one may state that mos”tof the serious

medical findings in this group can be attributed to plutonium. One member of
.

the original group died in the early 1950’s. call.sPQf deat!l& p.~:Zepr:c?.

Another died of a coronary at age 38. A third suffered a coronary occlus:on

but recovered and was well compensated. A fourth developed a hamartoma of

the lung and his right lower lobe was surgically removed in May 1971. A -. .

fifth had a melanoma of the chest wall. A sixth had a partial gastrectomy

for a bleed-ingulcer. One subject suffered loss of teeth, apparently due
.

to damage to the lamina dura of the jaws which show the earliest effects
6’

In beagles given &xic doses of plutonium. Another subject has gout. The

full medical history of this group, now mostly in their fifties, has not yet

completely tmfolded. Only 12 of these 26 plutonium workers were exposed

to plutonium inhalation. Which of the obsemed effects were experienced” .

by the inhalation exposure group? Regardless of the distribution, the
‘1

medical experience of this small group thus far provides no basis for

complacen.~yabout the health consequences of plutonium exposure.

------ Hanford employees and others whose autopsy tissue samples exhibited

plutonium levels in excess of 5 fCi/g died mainly of coronary heart Ut
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dieease antiother czrdlovasc~l~r effects and to a lesser extent of csncer

and pulmonary emphysema
(47)

. Based

that atherosclerosis is a cancer of

heart disease and other diseases of.

on evidence reviewed above it appears

the art”ery wall and thus that coror.ary

the cardiovascular and renal system

are expected effects of inhaled plutonium,and of other insoluble alpha
●

emitting particles. h adequate assessment of the magnitude of these risks

can only be obtained by a comprehensive nedicaL follow-up of all Past and

present plutonium workers. Until the age distribution of these effects
.

amo~g plutonium workers is fully assessed
4

, any claim by the proponents

of nuclear energy that there Is little risk associated with the MPLB

(maximum permissible lung burden), 16 nC~ of

thereof,is totally unjustified. The growing.

little as-s ?“**Ticocuries of alpha activity

plutonium, or fractions

evidence suggests that as

in the lung, in arterial tissue,

and in other organs gives rise to a significant cancer risk.

5. Discussio~t The published evidence, reviewed above, clearly indicates
.

that a Mnear extrapolation to lower doses and dose rates is not conserva-

tive for internal alpha emitters. The initial effects of alpha inter-

actions with cell chromosomes are irreversible and thus will vary li~early

with alpha do>e.rate. However the cumulative effects of internal alpha

emitters gives rise to an Increase in the populations of mutated cells

(cells with viable structural changes in their chromosomes) and in the

health consequences of such changes. Therefore the tumor incidence per

alpha disintegration must increase with decreasing dose rate. For this

reason a given cancer risk is equated with smaller cumulative alpha

doses and with much smaller internal alpha emitter burdens as the period

of exposure increases.

.



et,“./.-’
m‘+,..,

-14-

By contrast, the cellular effects of ~-rays and y-rays are largely

repairable at low dose rates. This stems from the fact that the diffuse

distribution of ion pairs produced by such radiation results in widely.

spaced single chromosome breaks which repair themselves readily. FOT

these reasons the relative biological effectiveness of alpha particles,
.

compared to X-rays. and y-rays increases continuously with decreasing dose

rate. Thus alpha radiation acquires a greatly increased biological sig-
.. .

qificance relative to soft radiation In th”eproduction of tumors and ether

health consequences of chromosomal structural changes.

There are several.other lines of evidence which reinforce the
.-.

.
possibility that aipha interactions with cells play a uniql~erole in h*~n

,’.,

cancer production. The distribution of cancer sites in the bronchi, in

the lymphatic sytitem,in arterial tissue, in the liver and bone, all

involve sites at which insoluble alpha emitters are known to accumulate. “
..

Anomalously high concentrations of alpha activity have been observed at

the bronchial c&ncer sites(51), at cancer sites adjoining lymph glands

(52,53) (41-43)
.

In other organs in atherosclerosis plaques , at liver cancer

t
sites in thorotxait patients

(54)
, at bone tumor sites in the radium dial

workers, etc. The difficulties of producing luag cancer by external

(35,36)
zadiation haa been pointed out by Warren and Gates . The absence

of cancers in muscular tissue, except at sites of thorotrast injection or
.)
plutonium injection, also is relevant to-this issue. All of these obser-

‘!
vations reinforce the possibility that one or more of the chromosomal

structural changes which characterize a malignant cell”must be brought

-. ,-- about by alpha interactions and Cot”by low intensity X-rays or y-rays.

In this connection, the determination of the nature of the structural
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differences between the healthy and the malignant cells of each organ could

shed scrce Iignt cc this inportant q~esticn.

It al~o is observed that the relative.significance of chemical agents,

viruses and radiation in the incidence of human cancer is not known.

Details of the mechanisms of cancer induction by chemical agents and viruses.

also are poorly understood. And the proposed chemical carcinogens in

cigarette smoke and in polluted urban environments have not been demonstrated

to be carcinogenic at the low concentrations involved. For all of these

reasons it is deemed likely that radiation, and alpha ~adiation in particular,
●

may be the principal agent of human cancer. In view of such a possibility,
.6

it is very disturbing to note that the U.S. National Cancer Institute, now

spending about one-half billion dollars per year on cancer research, has

completely-neglected the field of radiation induced cancer research.

Published evidence(’’-”) indicates that atherosclerosis ts a tumor

of the artery wall and that the alpha activity at the calcified plaque

site is likelyto be the mutagenicagent. If so the major causes of death -

in the general population - coronary disease, other cancers, and strokes -

may in large part be attributable to internal.alpha emitters from natural
.

and pollutant sources. If so, fallout plutonium and alpha emitting .

cent-antsm~~t:already be contributing to increased health risks and life

shortening to the general public. Cigarette smoking causes increased risks

of early coronaries, lung cancer, cancers at other sites, and other health

~ effects “, with about 15 years reduction in life expectancy for those who

. regularly smoke 2 packs of cigarettes pet day or more (attributable to
.

lung burdens of only about five picocuries of 210Po in excess of that of

nonsmokers). Fallout levels from past atmospheric nuclear tests have given

rise to plutonium organ burdens o.f ‘0.5 pC1/kg of lung tissue and ‘0.7 pC1/kg

(S6)
of liver tissue in the general public . Although these levels are only

S(
I
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about 10 percent of the *l” Po organ burdens of heavy smokers, the effects

may be correspondingly gr=ter because the total population is exposed, and

the inhalation exposures begin at birth. ‘

If the health risks attributable to fallout plutonium exceed 10 percent

of the risks of heavy smoking, then inhalation exposure at ’20 times
●

fallout (the surface soil concentration of plutonium which corresponds

to the interim soil standard adopted by the Colorado Board of Health in

1973) would give rise to organ burdens more than twice that of heavy smokers.

Exposing children to such levels would be tantamount to-their smoking four

packs of cigarettes per day, beginning at birth”. This estimate assumes, as

1 believe to be the case, that the inhaled, insoluble radioactive smoke

particles give rise to the serious health effects of smoking..

For the aszimacion of o~gau burdens which may resuit from the inhalation

of soil contaminants, it is common practice to attempt to determine the

●verage surface soil concentrations, the applicable resuspension factors,

inhalation exposure patterns, particle size distributions, lung retention,
.

clearance and translocation patterns and rates, etc. The large cumulative

erroxs and uncerta.inti~sin the prediction of the ultimate organ burdens

from long-term,exposure to contaminated surface soils and urban dusts by
\.

such a long sequence of complex processes serve to make this procedure an

almost useless exercise. There is a more direct approach which sould give

more reliabie estimates. Lewis et al
(57)

show that the adult lung burden of

nitric acid-insoluble particles increases almost linearly with age, with

about 1.5 grams per kilogram of lung tissue at age 60. It seems reasonable

to assume that individuals chronically exposed to soil dust and urban dusts

vill acquire just such burdens of the insoluble constituents in the respirable

size fraction of dust particles (i.e., particles less than ‘5 urndiameter).

It should be noted that PU02 particles are highly insoluble and friable.



Experiments in the Rocky Flats area also have shown that about or.e-third

of the airborne plutcnium which has been resuspended frcm soil surfaces

by wind action falls within the respirable particle size renge. However

only a very smail fraction of the bulk surface soil is made up of insoluble
.

particles of respirable size. For this reason, surface SOilS With one “

picocurie of plutonium per gram (the Colorado interim soil standard)

should contain

soil particles

plutonium lung
.

an estimated 10 to 100 pCi of plutonium per gram of insoluble

of respirable size. Such a soil level should lead to

burdens of 5 to 50 picocuries by age 20; or 15 to 150 pico-

Ctwies by Sgs “a, %-ithCurZe5pGlidingiy higher concentrations in che iymph

nodes, liver, and bone. Thus the Colorado interim soil standard is hardly

‘a safe or acceptable standard unle~s it can be shown that such levels of
.

plutonim have no serious long term health effects.

There are, of course , a number of considerations which make it inap-

propriateto equate the effects of a given burden of low specific activity

alpha emitting cigarette smoke particles with the same amount of alpha .

activity in hot particles. The Los

evident that mast of the alpha dose

wasted in the excessive irradiation
$

the hot particle &rface. Thus the

Alamos experiments
(12,13)

make it

from “hot” particles of PU02 is
.

of cells within the alpha range of

high tumor risk for the hot 23SPU0.

. particles can be variously attributed to (a)

smaller particles (b) the recoil ablation ancl/o:

increase with specific activity and with surface

4

the mobility of the

dissolution rates which

area of hot particles

and

(an

(c) the irradiation of larger numbers of cells with scattered protons
-1

effect that may be significant fcr very hot particles). 0

,.

-+. -..



I
For these reasons, the irxmluble alpha emitting smoke particle,

uranium oxide, tl;2rium oxide and other alpha emitting particles Of

moderate to low s?ecific activity may be e~ected to give rise to a higher

tumor risk per alpha disintegration or for a given cumulative dose.
,

.
Similarly plutonium-239 in mixed fallout particles may be expected to

produce more tumors per disintegration tnan is the case for pure 238Pu02

and However although larger2’9puo2. -

required for a given tumor risk, such

both-alpha specific activity and with

burdenc of hot particles will be

risks can be expected to increase with

particle surface-area, and the effects

should occur eariier for a given burden of smaller particles of higher

specific activity.

The above considerations make it obvious that the present practice of
.

avernSfnE the aj.?ha dose over the Whole lug or Scrne arbitrary fracticm

thereof‘10-13) is a highly questionable and grossly misleading procedure

.at best.

It also should be noted that americium-241

with plutonium contamination in the Rocky Flats

areas. In addition, curium isotopes

present in hig~ concentration in the
.

-“

breeder reactors which usc plutonium

as well as

is present in association ●

area and in nuclear test

americium-241 will be
.

nuclear fuel mixture from fission and

fuel. The chemical behavior of

americium and curium in the environment will give rise to their substantial

uptake in the biosph=re and the food chain. Thus the ingestion of americium

and curium, their uptake from the gastrointestinal tract, and their

accumulation in the Mver and skeletal tissue of mamnals and man till give
‘1

rise to additiousl serious health risks. These contaminants will be relatively

more serious than plutonium inhalation in some environments, particularly

------
in veget~tedareasof moderateto high rainfall,where soil resuspension

processes are not efftictive.
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6. Recommendations: It is urged that the U.S. Envfronrnentalprcte~tion

Agency consiaer and act upon each cf the following ~eco=znendationswhich

aye calledfor (a) in ozder to providean improvedbasis for the assessment

of healthrisksand standardsfor plutonium”andother actinid= and (b)

to provide a higher degree of protection from the effects of internal alpha

emitters for occupational groups and the, general public by adoptir.g mre

conservative interim standards for plutonium exposure.

(1) Initiate a comprehensive interagency zesearch progrzm to assess

the health risks of inhaled alpha emitting particles, with speciai attention

~o both “hot” psrt~.ck= and fZISQ~Ub~e ~azticks . .-G la.., mat4**4~.T-c- ---.*4 -1-‘-- ‘- ‘w& J v A v-&b&bAG

(Somepertinent studies have been proposed to the EPA
(53)J

(2) Conducta comprehensiveepidemiologicalhealthstudy,ofall past
.

end Present Plutonium workers, and of all other groups which have been

exposed to the inhalation of plutonium at levels significantly above fallout

plutonium.

(3) Call upon the National Cancer Institute and the National Heart -

end Lung Institute to apply an appropriate fraction of their resources to

●ssess the role of inhaled alpha emitting particles on the incidence of
.

human cancer a:d heart disease.

(4) Ac!optmo~e conservative occupational standzrds for plutonium.

A reduction of present

factor between100 and

shouldbe providedfor

air concentration and

1000 appears to be in

younger employees and

lung burden standards by a

order. Better protection

groups exposed to possible’

inhalation of finely divided and higher specific activity plutonium.

(5)~intain Publicexposurelevelsof plutcm?==and other alpha

emittersto the practicalminimum. In my view this would limit public

exposure to airborne dusts not exceeding 0.5 picocuries of alpha activity

(but ~ne alpha disintegration permtiute) per gram of nitric acid insoluble
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particulate of respirablesize. This levelwould resultin the accumula-

tion of adultorgankuz?ens
(56)

about equai to that from fallout plutonium .

On this basis the Colorado interim standard””maybe at lee~t 10 times too

high.
.

(6) Call for a full disclosure of all past plutonium spills and ac~idental

releases and conduct appropriate surveys and cleanup operations.

(7) Developstandards for americium and curium, with particular attention

to theirdistributionin the food chainand theiruptakefrom the gastro-
.

intestinal tract.

4

(8) Give immediate attention to current plans of the U.S. Department

of Defense and the U.S. Atomic Energy Commission to resettle Enewetak

.

.

-...

,

-1
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PREFACE

Four comments are attached.

.

● Comment #l, ACCIDENTS

j/
Comment :2, ESTII;,ATIONOF

. PLLITO!lIUi’1A};D
TRANSUPJWICS

“.

Comnient :3, DIVERSION AND SAFEGUARDS
FISSIOHAELE HATERIALS

.
Comment :4, GENERAL AND IN SUWWRY

4 .

.

TtiEHEALTH EFFECTS OF
OTHER ALPHA-EMITTI}{G

OF

.

With-the possibleexceptionof #2, these comments are generic

in nature. For a draft statement of this physical extent, detailed
. ...-L.L:+mA,h8#nnwrn-=1

comment wx.ildbe nearly ptu,tttit~-“J ~~t-,.-. ?i!R!t2tiwK & ti!w

and resources. This dilemmais not encountered here since generic.

comment seems indicated. Trea’ment of acne can be sensibly deferred

when the patient ’shws systemic failure.
.

●
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.

. ... .

-1

,.

.



—..——

.
.

.

...

k--

-.. ,

Corxlentf2, EsTINATIO::OF THE !IEALTHEWECTS OF PLUTOifIU;OIA;:DOTifEl?
ALPl!,?-EllI-~7?!2TD/’*;!SlJ2.i:;iIC5

The estimate of lung cancer incide~ce associated with the inhalation

of plutonfm (or ot};2r trznsuranics) in particulate fom is a critical

factor, along with source terms and resuspension, in defining the probable

impact of the LMFBJ?’splutonium besed fuel~cycle. ‘.,is subject is discussed*

in Section 4.G.5 “Particle 1.UW Dose Effects” of liA9f-1535. I quote the
.

first sentence frcm that section:

. ‘The estimates of lung cancer incidence associated with
the inhalation.of transuranics used :n this report are#
based upon a calculation of the average radiation close
delivered to the lung and application of tumor incidence
estimates for the uniformly irradiated lung as estimated
fnthe BEIR report.”1

This cited basis, and i~ertce the c!erivedestirvates,are indefensible.

Section 4.G.5 acknowledges “that ‘insoluble’ particles of

radioisotopes~ when deposited in tissue, provide focal spots of high

radiationdose rates tlose th~ tke particle,”so there is no presumption
.

that the exposureby p.articulatesof plutonium is uniforn. The deep

respiratory tissue of the lung is made up of 108 alveoli. Each aveolus

is.a complexly organized unit of tissue. If an insoluble alpha-emittihg

particulate is.~epgsited in this tissue some 10 to TOO alveoli will be

exposed. A crude measure of the nonuniformity of this exposure is that
. .

at most about one-millionth of the lungss alveoli are affected by a single.

partiCU1ate.
.

.

7he significance of the preceding is that irithe actual lwg
.

exposure by an alpha-~:~ittingparticu~ate~ the cn=gy of the’’ionizin~

radiation is depositd in a very limited voluw of tissue, and hsncc tll~t
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larger than t}w doss zssoci2ted k)ithan averaging of the equivalent

radiation energy over the entire lung.

A multiplicative differei:ceof a m-~llionin a significant

physical quantity generally suggests a qualitative difference. Suppose,
.

for example, that the problem were to estimate the effects of small

projectiles on human organisms. SuppcIsathat the pi-ojectilesweigh 1/2

“ ounce and have a velocity of 1000 ft/sec. Note that the effect of the

projectile depends oiIthe energy, and note that a 6 ton vehicle moving at.

3 m}le-per hour has similar energy. There is experience with hurriatisstopping “

slow moving Vehicles by exerting strenuous counterforces. Using this

experience the effect of the projectiles on humans is inferred to be

oxidation of-the biolc~ical fuel necessary to do the work of stopping the

vehicle. But this reasoning is manifest nonsense. Even though the energies

involved are similar, a fast moving rifle bullet is quite different from

a truck weighing a inilhicn tines more and moving at a one-thousandth the .

velocity. The former dissipates its energy in the local disruption of

tissue, the latter leads to the ordered and non injurious oxidationof

biological fuel. The end results become vei-~ different as the physicai
?

characteristics of $he situation change, and a new biological phanornsnon

intercedes. Obviously the way to estimate the effects of rifle bullets is
. .

either from past experience that is explicitly applicable, or alternatively,

to calculate the effec= considering the physical characteristics of thti .

rifle bullet and knowledge of the biological and physical characteristics
.*

of the human organism.

This nonsensa example has much the sam logical structure as the

method of estimting hot particles effects set forth in Section 4.c.5 of
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l!ASII-1535. There, by introducing a fictitiously large mass of exposed

the real situation inv~hich a hot particle irradiates 10 to 100 alveoli,

to the fictional situation in Vlhichthe ionizing radiation from the hot

particle is averaged c’zer108 alveoli, the closescale has decreased by ●

roughly a factor of a million. “\ “

Living tissue shows extensive intra-cellular and inter-cellular

organization. Several regimes of biologicalresponse would be expected

as physical characteristics of exposure are varied. Carcinogenic response

tovholescgm cxjxstire@ nw dcute doses of radiation will fall in one
.

of these regimes, and this will be a regime in which there is human

experience. From the physical characteristics of plutonium aerosols, from
.

the ]ung deposition experience with aerosols. and from the lung clearance

“ experience with plutonium particulate, it can be inferred that at least

one class of particles exist which subject lung tissue to an exposure* .

associated with a different carcinogenic response regime. This is because

other biological phenomenon has intervened.

For hot particle exposure that phenomenon is mitotic death of .

cells, i.e., loss of the cell’s ability to divide. There is an extensive
. -.

“ Iiterakre on”~he su~ject. Radiologically induced mitotic death is, in

fact, the basis for treating malignant tissue with ionizing radiation, and

is the cause of most acute symptoms consequent to radiation exposure. .“.’

Even though the intercession of extensive mitotic death of cells must..

inevitably place certain particu~ate exposures in a different response

- “regimefrom k;holelung, non acute exposures, a ccfipellingargument might

be made that the carcinogenic response in the foi”,ter case is necessa~*ily----..--

[.(
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IeSS than the carcinogenic response in the latter. This arcyinentwould

appear to have merit since mitotic death of cells, of v:cI1as reducing the

gcr,eralviability of the tissue, would also ”reduce the nu~bei- of irradiated

cells with carcinogenic potential. Usually implicit in this argument is a
.

conceptualization of all radiation carci~logenesisas”a single-cell, ~irict-

injury process.

To confirm this argument, there is a respectable literature in

which carcinogenesis is described as occurring after doses of radiation

that dre sufficiently local as to not be organism lethal, and that are
.

su~ficiently high for the fraction of mitotically competent cells to be

greatly reduced, i.e., to 1% or less. Unfortunately, “inat least some of

these experiments, carcinogenesis is inversely related to the fraction of

su$toticall:ccm~ste!?tcells, i.e., cancer induction in the regim where

dtotfc competence is greater than 1% is small compared with the cancer

induction in the regime where mitotic competence is much less than 1%.
.

There are several points to be made here. Loss of mitotic
.

competence and carcirtogenesisare two indices of radiation effect in tissue.

They cannot he independent, and thsir relationship can tell us something
.

about some radi~tion cercinogenesis.. .’

Mitotic competence is not generally related in a linear way to

carcinogenic response. Moreover, it is a major anomaly that an increased -

carcinogenic response is observed in dose regimes associated with greatly
.

reduced mitotic competence: It is difficult to reconcile this result with”

any single-cell, direct-effect origin for radiation induced cancer.

tlitoticcompetence of a cell popultttiondecreases exponentiallY

with increasing alphz-rac!iationdose and is a f~ir-lygeneral index of

radiation effect in tissue. If radiation carcilmgenssis universfi?~y
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less than the carcinogenic respol;sein tha latter. This argument would

appciir tO ti12VEmerit since lmitoticdeath OF cells, of :;ellas reducing ti;e

;~nwal vizbility of the tissue, k:~uldalso ”reduce the number of irradiated

cells with carcinogenic potential. Usually implicit in this argument is a
●

conceptualization of all radiation carcinogenesis as’a single-cell, dir2c.-

injury process.

To confirm this argument, there is a respectable literature in

which carcinogenesis is described as occurring after doses of radiation

that ake.sufficiently local as to not be organism lethai, and that are
6 .

sufficiently high for the traction of mitotically competent cells to be

greatly reduced, i.e.= to 1% or less. Unfortunately, in at least some of

Tfieseexperi-ments,carcinogenesis is inversely related to the fraction of

mitotical?y :~npct ,.en+ cells, i.e., cancer induction in the regime where

jnitotic competence is greater than 12

induction in the regi.c=where mitotic

There are several points to

competence and carcimgenesis are t;vo

They cannot be indeps~dent, and their
.

is small compared with the cancer

competence is much less than 1%.
.

be made here. Loss ofmitotic

indices of radiation effect in tissue.

relationship can tell us soinethihg ~

about some radi~tion carcinogenesis.. .’

Mitotic competence is not generally related in a linear way to

carcinogenic tesponse. Moreover, it is a major anomaly that an increased -

carcinogenic response is observed in dose regimes associated with greatly

reduced mitotic competence= It is difficult to reconcile this result with “

any single-cell, direct-effect origin for radiation induced cancer.

Mitotic competence of a cel1 populntion decreases exponentialIY

---- ... with increasing alph~-radiation dose and isa fairly gsnsral index of

radiation effect in tissue. If rcciiationcarcil]ogenesisuniversally
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CiecreasedWit:imitotic competence, th~n estimates of ca}”cinoge~lesisbasQd

On a fictitious averaging of a local in!iomogefieousdose over a muI:h larger

volui~e would be rtecessarilyconservative. Since rac!iaticmcarci;:cqensis

can, and in.fact, does increase to ~nona?ously large values while the mitotic

-mpetence becomes vanis.hlinglysmall, the.fictitious averaging of dosi

over larger volumes is not necessarily’conservative. Instead itv;ould

appear that an intense local dose of ionizing radiation can be a more

efficient carcinogen than a diffuse tissue exposure with the same typa of
.

ioqizing radiation and the same total energy. The above then implies that.

averaging of dose over larger volumes may be far from conservative.

St is obvious that as a local exposure becomes more intense, a

stage must fins’llybe reached ‘:dwe the carcinogenic efficiency of the

exposure (cn a per unit energy basis) is reduced. This is not pertinent

to previous firguments. It would, ho;wer, be important to know the

characteristics of the most carcinogenicly efficient exposures. .

The following excerpt taken frcm the BEIR report (p. 95) sucx?arizes

the state of knowledge concerning the causation of cancer (emphasis added):

.

. .

- -. .

“Although the nschanisns of czrci~o~eriesis,or cf .
radiztlon carcino~enesis in particular, are r?ot~L!lly
=wn, avallable Intor:nationimplies that most, It not
lil~types of cancer c!cvelopas a result of ths cambined
effects-of multiple factors_. These causative factors
nay include: prezygotic (inherited) mutations OF
chromosomal aberrations, which can spread during clevelop-
ment to many kinds of cells; somatic cell mutations or
chromosomal aberrations, ~ihichcan be acquired at any
time after conception; changes resulting from the action
of viruses; and changes ifisystcinicgro;;thfactors (e.g.>
cieprcsswl imwne conpetmce~ hormonal imbalance) and
in Iccal tisst:~~’cml~~~io:;(diso~~~n~~~tmy C!2i;~?~C),

—— - .—A. — .-. .—-— —>-,-—--—- -, —- ——-— -
m}mhly result lrow dlsedscs 0~t12i”tnan ca[lceror
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This summary view on carcinogenesis is compatible with the ideas leading

to the conclusion reached earlier, “that fictitious dose averaging to

larger tissue masses need not be conservative. The possibility of various

modes of carcinogenesis is acknowledgecl,aridin particular, mention is

made of a pattii~aymediated by tissuedisruption.
# .

Disease pi-GfilGS are highly spccics specific. Cancer is no

exception. Gross characteristics are obviously highly species specific

also. A rat and a mouse

gross tissue differences

“informational resonances
.

being phased ultimately,

are distinct and yet incredibly similar. The

are articulated out thi-~~~h sE5t?y c!!fferent

amongst cell populations, - the collective behavior

though perhaps remotely, by the genetic controls

of the cells. !Iotto belabor this point unnecessarily, - cancer profiles “

are species specific; gross characteristics and, of course, genetic material

are also species specific. Collective detuniwj of tissue, by tissue. . 1 .

disruption seetias,acceptable an origin for the tissue instabilities of. .

cancer as c?02san isolated single cell event.

Return’now to the problem of risk estimates associated with

radioactive particulate in human lungs. Ilostof what has been said earlier

in this comment has been general, and has been aimed at showing that there “

was no inharcnt conservatism in the ~athod of estimating cancer risks set

forth in ths first scntcncc of 4.1.C’5, and that rl]oreovcrthe rmthod cculd

hs far fro:nconservative. The conclusiorrcould as well be applied to

I}m{phatictissue or to bronchial tissue.

--)0
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Having this background notice that human lung tissue has a well

known carcinogenic PO iel~iialur’,dera rwber of situations, including

- ~ radiations; and that itithe Hariforddog study inductionexposure to ionizlnu

of lung cancer was observed after exposure to plutonium aerosols. These

are a sufficient basis to establish plutonium induced lung cancer as a ●

legitimate concern for humans.

The following is a review of the official guidance for estimating

the

4

carci

‘I.

.

. .

nogenic effects from exposure to radioactive particulate.

“‘I(z1o] The liCRPhas arbitrarily used I(k!of the
volume of the organ as the significant volume for
irradiation of the gonads. There are some cases in
which choic= of a significant volume or area is
virtuallv ~22niwless. For example, if a single

mav...-4have li:tle to do with the C:.CC. Use ot slgn~tlc~nt
volumes or ~i-eas must be “lookedon as GEW of the round
off devices which in special cases must give way to
detailed stwly.”

.

.

.
NCRP lle~ori :39 .

Basic Radiation Protection Criteria
January 15, 1971. “
(emphasis added)

.
. ,

?’
\. . .

.

.

1. .

.’.
.

.1

------
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ICRP Publication 9
Recommendations of the ‘
International Committee
on Radiological Protection
(adopted Septenber 17, 1965).
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The recommendations of the llation~lCouncil on Radiation protection

and Measurement set forth in !, zrid tke reccmendations of the ll~ternatiocal

Commission on Radiological protection set forth in III, are explicit in
.

offering no guidance.

11 is a discussion of the hot particle problem taken fran th~

report cf an ICR? Task Group. It is npt.intended to give dispositive

officia? guidance. The discussion is useful commentary, but inconclusive.

The very conditional statemntmade in the first and second sentence of 11

(41) is not generally convincing.
.

4

described

following

.

,.

As to the

.
Wit13i%CjZi-d t.U ~he previously cited method of risk estimation.

in the first sentence of 4.G.5, that section continues with the

supportive references:
.

.

‘This approach has been used by the Environmental
Protection Agency in recent reports on the potential
health consequences of the nuclear fuel cycle.2-5
The approach leads to estimates comparable to those
of Ga~ankat~ follc:~ingThonpson et ~77 based on
lin&r non-threshold extrapolation of obsei-vations

—— .

on beagle dogs administered 239Pu02 aerosols.” .

first, consensus in error may provide amiable acjreementamongst

federal agencies, but seems hardly a desirable basis for decisions involving.

the public heal~h and safety. The observations on beagle dogs are discussed
. b

further on 4.G-117-and deserves separate consideration.

It requires pathological optimism to find reassurance in the

-results of the now completed Hanford beagle experiment. Dogs were given

Initial aerosol burdens of approximately l-10 microcuries of PU23902. By

nine years post-exposure the lung cancer response was virtually satur~tcd

and niulticenl.ricorigins ware noted in some dogz. Those receiving largnr

lung burdens (ji-eaterthan 10 microcuries died of pulmot~t-y insufficiency

vi~hill4-1/2 years. Twsnty-orledogs survived for Inore tilan4-1/2 years,

q+

------
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and on?y ORC ~f these did not exhibit ~un!lcancer at death= A re~ationshiF .

observed batmen i~i:ld ] lung txlrd~ntincltime to de~.tfivith cancer LIS

beeff often used to ir%er a threshold burden below which no life shortening

of dogs would be wpe~ted. This is shdm in Figure 4.G.10on 4-G 113.

Note that the fibrotic deaths there have no bearing on cancer incidence

...d incl~sien L: ih:s~ points in the comtructirig extrap~lztec! curves is a
\.

senseless exercise. Wte also that the results are exhibited on a log-log

graph which virtually obscures all differential detail. i?ostimportant,

recognize the nature of the.

the results were saturated,

crude relationshipobserved

experiment, i.e., the lung burdens were large,

and the number of animals was small. The

betweenInitiallung burden and time tc death

with lung cancer does not necessarily imply that a threshold burden exists “

for beagles._ Quite ti the contrary, the ranqe of exposures above the

inferred threshold bxn!en may be interpreted as a region of saturated

carcinogenic response, that is a burden regime in which lung cancer induction
.

in a beagle populaticm zpproachcs 10CH during a normal life span. The point .

is that the observed =ime to death is more likely related to the burde!l,

through a population depletion effect, rather than through a burden
.

dependent laten} period. In the former interpretation appreciable cancer

would be anti~ipat~d at lower burdens. This is again consistent with

extensive cbservatio= of radioisotope-induced bone t~mors in mice, which

‘support the interpretation that ‘]latentperiod is constant and thzt the

apparent relationship ~etwen increasing dose and decreasing time t~
,.

death with tumor is due to the effects of dose-level on survival and on
‘1

tumor expectancy.” (See Toxicity of f?a-226 in I:ice,” N. Finkel et a?, in

Radiation-Induced C?.rccr,IAEA, Vienna, 1959.).——

The domain of this cci~inentis broadened here in order to su:rmrize

q{
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a specific concern with plutonium, and, to a lesser extent, other transuranics.

under a nuinberof cit-cunstancesplutonium forms aerosols. The physical

character of these aerosols is such that on inhalation by humans they are

;..ef’erentiallyc!epcsited in respiratory tis;ue. Because of slow clearance

and because of their insoluble character, particles may experience long., .
residencetimes in tissue. An appreciable.mass fraction of the aerosol is

usually associated with particles su~f~ciently large that small but

physiologically significant volumes o-ftissue wi-11be exposed to intense

(i.e., organism lethal or greater) radiation doses within a meaningful...

physiol~gical time. Studies of the effects of intense local radiation to “
a

skin and.kidney tissue indicate that despite the near mitotic sterilization
. .

of the involved tissue, an enhanced carcinogenic responie may occur, in the

s~nse that energy d!sslp;ted in a limited volume may be far mare carcinogenic

than

much

?zad,,
.,

then

if the same type of radiation were tu-aissipate its energy ove~ a

larger tissue mass. The question is. then: do particulate of plutonium -

to exposures th;t have enhanced carcinogenic potential? If they do, .

present standards can be in error by orders of magnitude.

“Notice that the emphasis here is on the anomalous hazard

associated with a single particle; .and that if any threshold is relevani,

it is not a dos~ threshold since local exposures are large, but rather a

possible voluvetric threshold that must be’exceeded by the physical extent

of the exposwe. Plutonium, as an insoluble aerosol-forming, long-lived.

alpha-emitters constitutes a very special case of the low exposure probltin. .

In conclusion, it is indefensible to base estimates of cancer
-1

risk on the nzthod of dose”averaging over fictitiously large volmes.

Similarly, estinktcs based on non coiisewative interpretations of the

---- . . . }!anforclbexjle results are highly suspect.
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“Plutonium and Public Health, ” in ~ “

E~~c~~ic po~f~r cgn~um~tion dnc!
.

● ,,. .._ ll. if?--- e... -: AA..-
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on Environmental Alteratioris,
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On May 11,

Domlcl r’- GeesarLla~] ...

A~thor’S h~ote--Ju~~ 1972.
●

1969 a majorfire occurred at the large l?ocky Flats

plutonium facility located norihivest of Denver, Color~clo, .and operatecl for. . .

the AEC by the .DcnvC he.micalC ornpany. For descriptionof thisfire see
.. .“.

AEC press releases M-121, May 20, 1969, and M-257, November 1S, 1959.
.

Consequent to“thisfire E.A. Marte]l and S.?3.Poet conducted a

pilotstudy on the plutonium conttiminationof surface soilsin the .Eocky
.

-“

~lats environs. ‘f’heirresuILs suggested an offsitecontamination tb.at w<as

orders of rn~.gnitudelarger thin that~’~hi~h~!~~~lldhave been e>~Pectedfr”’m.

the ~,~~tisured plutonium rcl;ases in the u.ir effluent of th; facility.

ln a letterof January 13, 1970 to Glenn Sc~.berg,then chairman,.

of the AEC, and in a press rekase of’~ebru~ry 24, 1970 by t’heColorado
.

Committee on IInviron~:ntal Information.. .M2rke11 et al. calledattention
>-.. .“ .

to ttils &omalous contamination and expressed concern over its uhcertain .
.

Origin and over its significance to public heaiih. In resp~nse the A EC fixed

the probable origin of the off site contamination as wind clis~~erst<lof pluto- .
,.

~titttnleaking from rusted barrels of contaminated cuttin: oil, and c?eniecl

-- ..-

\.-
.

.



. .
●

✎

.
. and inaflccluat~ representationof the possiblehazards associated t’~iththe

. . .observecloffsitecontamlzutlon, anclthatthe imnlincntlal.ge-sca~ccolllme).-

-.

cial Li’.trqdUCtiOn of plutoniti~~ gave this situation a preccd~ntial significance
. .“.

muc;~ greater thmn the already considerable significance of tl~e situation

Medicine and myself ~vere invited to present our views at the University of

.

COIGi-LdO.
.

“Plutonium and Public Healtht’ derives from the preceding his-

. .
tory and sheuld be so interpreted. The presentation was to a lay audience ...

*“. ..
‘ and ivas made with that expectation. Adequate referenc& was added to. .

the written text prior to i& inclusion in Under~r
ounc? Uses of N’uclear l?ner~y,

. .
the recent emphasis on plutonium as a major energy source increas es the.,

:relevance “of the discussion. An upd~.ing would “involve only incremental
. .

.changes, and would generally supplement “ratherihan”disturbthe substanti~-e
-.

. . .-
argumenis of the o“rig!nal” paper. Hence whil~ such an upi?ati!~g is desirable,
. . .
it is also of su.ffic~cnt marginal value that it can be properly dqferred at

. .

my discretion.’
:4. .

.. 1

For those \;ho areintcrested in reading tl]e tr~ditioil:~l A.Ed posi-

‘ tion on t}l(! subject I wcn[ld sugg{$sl l’Appel]dix 2?
- SilfL’lY (JollSI(fl*l’:11 iw]s in

. ..

.

\ .
.
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NOW itismucl~puhlicizeclas the energy source of the not too distantfuture.
. ●

~;,~.il - ‘ “:~ \I/~~“a tjA~~ of :ran~itiO!l, arid I felt the strong presence of the
.“--

earlier tradition, and the decision to spea!; v~as not an easy one for me.

I no regrets”. .
.“ .

. . .

- D. P. G.
. . .

.

* .

. Piuioniu”m” ancl Public Health “-..

For the sake of completeness let me give you some background on
.

plutonium. lt is an eienwnt that is virtuaily non-exi~teni in the earth’s

natural crust. In the early 1940’s it w&s first procluced and isolatecl by
. .

. .

Dr. ~cahor~” and collca~uesi --Dr. Seabor~ is presently chairman of the

. Atomic Energy Commission. Plutonium has several isotopes, the most
.“

important being pluionium-239, \\,llich, because of its fi~~ionab~e properfics
“- .,

and its ease of production, i= po~entially the best of the th~ec fission fue~S.

t“
A~i~e from its fissionable properties, pll.l-.That is why it is of interc’st- .

. . .

.-

toniuxn-239 is a radioactive isotope of relatively long half-life (24, 000
. . .

years), hence its radi~a~tivity is undimil~ished ~Vithin hum~ln time ~cales- ~

\
●

;.. ,,.
!,i1:;!

,:,’1
,1

i
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Tl]e cancer inducing potential of ?Iutoniurn ,is v~ell kno~vn. one
.

ll-T in mice has caused cancernlilliontll of a gram injected iritraclernl~. ~
.

(li::cn, ?T . et ~~. , 1947); 21similar amo~~r.t injected into the blood system

of clogs i~as induced a substantial incidence of Bcne cancer !?.lays,C .W. ,
..

et nl., 1947), becauose of plutonium’s tendency to seek b“one tissue. Fortu-
..

.nately.the body-maintains a relatively effective barrier against the entry

‘Of plutonium into the blood sys tern. Also, because of the short range cf
. .

the emitted helium nuclei, the radiation from plutonium deposited on the
. . .

surface of human skin does n“ot usually reach any relevant tissue. Unfor-. . .

iunatcly the lung is more vtikerable. .
. . . .

Before J describe why this is, I’d like to say something about the

characteristics of. an aerosol”. An aerosol is p!~ysically like cigarette
. .

smoke, or fog, or cement dust. Because of their small size, the particles

.+

comprising an aerosol remain suspanded in air for long periods of time. ~,

If an aerosol is inhaled,d then, depending cm its physical characteristics, it : . .
.

-’. .
may be deposited at different sites in the respiratory tree (Health Ph\’sics~

. .

.

\ .

196 G). Lar@x aerosol sizes are usually removed by turbulence in the nose,
. .

particles (Icpositdclin the bronchial tree are cleared upward in hours by the -

cilintcdmucus blart!cetthat c,?vers tile structw-e. This ck~LrmIce system -
‘1 .
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. ~l=rf,iclc~ tctxl to be cleposite(l here by grnvitatioaul settling, and if they are

ill so’.d)~c they may x-esic!c in t.!le alveoli fcr a considerable lirnc. ‘rhe prob -

l~rriis that, under a number of conditions (And(:rsoll, E. V. , et al. , NC?;

miser, D.C. , 1967 ; I<ircllner,R. J.., 1966; h’Ian~,,.T,?l., et 21., 1967;

Stewart, K. , 1953; “Wilson, R. II. et al. , 1967) plutonium tencls to form
●

aerosois of a size that are prefei-erltiaiiy deposited in deep .Llng tissue.
\. .

.’
. .

Plutonium dioxiae, ~,vhicb. is a principal of fencler, is insoluble and- may be

immobilized in the lung for hundreds of clays before being cleared to the
. .

throat or to tfie lymph nodes around the lungs (Health ?h:;sics, 1!366)..4 .-

“.

---- -.

An aerosol is co.mprisecl of particles of many different sizes, and

their “radioactivitymay differ ~Y factor= of thou=and~ o;.c~en rnorc - 1 ~’:ill

largest ones deposited in the deep lung tissue, that can be expected to have.
..

a different potential of cancer inductioa than the particles of the smaller
.,

class. This is because they are sufficiently radioactive to clisrupt cell .
. . . .

populations in the volume of cell tissue -which they expose (Geesaman,

D. P., I%tla)- An exaw.ple might be a particlethatemits 5000 hcl~um
t -. . .

nuclei per day. It WO’UICIsbbjec~ b&tween 1 and 20 alveoli to intense radi-

ation, sufficient to inflict substantial cell death and tissue disruption.

For reference, the alveoli are. tlm basic structural units of the deep lung.
.

“rhey arc shaped ant? I)uncbcd rf)ugllly like imlloy gl”apvs O. 3 Iilill imufer

.

.

\ .

.

.

.
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~:1.rticlc problemt Thequcstiea is:
dots such a particic have an enhancecl

potcnti21 for cancer ? No one lmows. C)nc can argue that cancer cannot

evolve from dead cells, hcncc a dcplcicdcellpopulationmust be less
“.

carcino~cnic. This is believe~.ble,and must be true on occasion. The

facts are, though; that intense , local doses of radiation are”cxtremely .

eficcii. c carcinogens, much mcr2 sc thai~ if the energy we+ L= ak’eraged -

over a larger tissue mass (Gecsaman, D. P., 196Sb) Furthermore,
this

..
.“

can. tie place at high doses of radiation

has retained its capacity to divide. The

..

. .

--- -

4

sue to radiation has been demonstrated

where only one cell in ten thousand
.

cancer susceptibility of lung tis -

in many ‘species; one can say in

general that the lung is more cuscept~ole to inhomogeneot~s e~po”sures from
.

particles and implants than it is to diffuse uniform radiation. Some very

..’ . .

car~ful skin experiments of Dr. Albert have inciicated that. tissue disrup-
. . . . ..

tion is a very likely pathway 001 radioactive induction of cancer after intense

exposure (Albert, R. “E. i et al. . 1967a, 1967b,
. .

m&-&i. show that the most severe tissue~njury

1SS7C, 1969). The experi- .

is not necessary, nor even

op~irnal,for the induction of cancer.
}~~~enthese notions are applied tO a

.
.? \ . .,.

hot particle in the lung, t~e possibility of one cancer from 10, 000 clisrup-

tjvc ~rticles isrealistic.. This is disturbing because an appreciable

.

pcwtion of the totalraclioictivityin a plutonium aerosol is usually in the .”

lar~e particle component.
. .

.

.

.

.
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tllesc particks and each would chronically expose J to 20 alveoli to intense

~L1cliation. If the risk of cancer is lilie 1 in lo, 000 for one disruptive par-
.

.
tick, then ~~e total risk in this situ~ti~rl is one m ten, i. e., one man in ten

woulcl de~’eloplung cancer. \

Put another way, about 1 cubic centimeter of the lung is receiving

high doses of radiation. It would not be surprising if intense g:<posure of
.

such a localked volume led tO a-cancer one time in kn. ‘I’kc qtiesiion is:

if the individual volumes are separated from each other, is s@stantial .
. .

.protcction afforded? h’o orIeImcws. Itis r,lUCheasier to findtwo cancers
.

using 50 exposures “of1 cubic centimeter each, ~h~::itis t~ finda couple
.’

.

of cancers in 50, 000 single particle exposures. Certainly the 2cngth scales
..

of inj’.:=;- arc long enough that a disruptive carcinogenic path~vay canno~ be

. . .

disregarded for isolated hot particles (Geesaman, D. P., 1968b). - .

.

One can look to the relevant exp~rience for reass~!rance. In an

experiment done at Hanf~rd by Dr. E3air atlci his colleagues, beagle dogs.,

.

.

.

239G2 lung b&dens of a-few hundred thousandths of a gramWere given Pu

(13air, Vi’. J.,et al., ‘1966; Ross, D. M., 1967). At 9 years post exposure,

Or after roughly half of an adult beagle life span, 22 of 24 deaths i~volved
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:~t lower cxpost!ves:\f.c)l,~~l!~-::l[>en Sinlplc Oroportio:l::~ity d~~~a ~~~~~Jver8

~Lli!f:cst that present human stznclards arc too lax by.. at least a factor of.

t~fl. secoll~s because the racIlation dose is large, ;vith tissue
injury almost

. .

killi[-:g tl-e dc~s; and because %rge numbers of particles are involved, . often
\

acting ixi conjunction;

. . . .
it is improbable that the risk from “clLsruptlve particles

can be inferred. And after all. this is what we need to know, since almost

all human exposures v~ill involve hot-particles acting inclep~nde~; tly, and If

.

.
.

there is a flisk from these paz+icles, it Will be additive throughout the poPu-
. .

lation; --there ~vill be no ques~lon of a threshold burden; and there will be
..’

a possibility that a man with a-mundetectableburden of a few particleswill-

_ develop a cancer as a conseq~.ante. For the exp~svwes of concern, 1000

.

people with” 100 disruptive pa~ticles each will suffer as many total cancers
-. . .

as 10,GJCl people with 10 particles each, or as 100 people witl~ 1000 parti-

cles each.
.-

lfuman expei-ience does not give-tis t?le answer either. Plutonium .. .

has been around for 25 years. and peopie have been exposed. In 19~4
b

.
.- -“

through 3Wi 6 contractors indicated an average total of 21 people per year
.

\vithover 25~0 of a maximum permissible burden of plutonium (Ross, D. 11., ,
..-

19G8). Three oui of four of tkse exposures derived from inhalation- TO ~
. .

.
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. .

exposure from the deposited radioactive aerosol v:ith that of an acceptable .
. .

uniform dose of X-ray”s. The Tntern~tio!]al Ca.mn~issio~~ on ll~cliolo:ic~~l

Proicction indicates ibis may be greatly in e’rror, and specifically states

“ in ik publication 9, “In the meantime t~lereis no clear evidence to sho~v

whether, with a given mean absorb”ed dose, the biological risk associated
-.

suiting from a more diffuse distribution of that dose in the lung. lt
(ICRP,.

1966).
.. . . . -,-

‘1’hey are effect i:’cly sayin~ that there Is no guidar,ce a.s to tb.e risk

for non-homogenec~ls exposure

lung burden is meaningless for

permi~sible air conccntrat~oas
.

in the lung, hence the maximum permissible
.’

plqtoniurn particles; as are the maximum

v:hich derive from it.
.-

So there is a hot particle problem with plutonium in the lung, and
..

the hot particleprablem is n~t undersio-od,and there isno guidance as to ‘
.

‘therisk. 1 donftthink.there is any c~ntroversy about that. Let rne quote
b. .- . . .

to you from Dr. K. Z Morgan’s testimony in January of this year before.

the Joint Committee on A tcmic IZnergy, U.S. Congress (Morgan K Z
● O**

.
MGO). Dr. K. Z. Morgan is one of the UnitcclStates; two mcmiers to the

.

\
●

.,
:;

,.

. .
.



‘ I-lcl

“llrlclcrstand, an@ there will continue to be uncertainties uutil hca]th pllj-sits ‘

Can provi:le a coherent theory 0? radiation c?zma~e. This is w’l~y some of

the ba.si~ research stu~ic~ of the USAfX are so important. D. P. Gcc=aman
.. ..

and l’ai~Lpli~llla~repoinkd out reCentlYtll~PrO1~l~msof 1>~1.itoniUm-2~~9Par-

ticles and the uncertainty of the risk to a man who carries such a particle “

oi bib.. .pecii.ic activit~- in his iungs. “ At the

to the committee’s’ inquiry about priorities in
..’

gical eifects of radiation, Dr.
.

City .Environ-rnental protection

M. lZisenbud,

. .

same hearing, in response
:

basic research & the biolo-

.

then Director.ofthe h?ew York
.

Administration, in part replied, “I’Or some

. .
reason or other the particle problem has not co~me upon”us in quite a little

while, but it probably will one of these days. We are not much further
.

along on the basic question of v:ilcther a ~iven an~nl~:l.t-gf Cne~~Y C!C2:;FCYC?.

to a progressively smaller and smaller volu,me 01 tissue is i]ettcr or \\;orse
. .

for the recipient. This is hnother way of asking the question of hov~ you
,.

calculate tine dose when you inhale a single particle. 1’ (Eisenhud, hf. , 19’io).
.. .

He was correct; the problem has come. up again.

In the context of his comment it is interestin~ to refer to the “
.

.* -
IVational Academy of Sci~nces; IX~tionalResearch Council repori of 1961

on the Effects of Inhaled %dioactive Particles (U. S: ?SAS. NRC. 19~1).
. ..

The first sentence reads, ‘t’fhe potenthl hazarcl c3Lleto airborne radiozcti~’e

particulate. is probably the least un(?erstocd of tileI]azarclsassociated . .

.

.
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latiotl c::pcriments. ‘~lxoilutlif(jrm irradiation cf the lung Irom clcpositsci

sure (on a total-lung dose basis), and alpha-irradiation is more carcino- ..

gcf?i~“ r.beta -irradiation.. The dcses required for a sub~~mitial tun~Or

incidence, are very high, however, if rneas~red in proximity to the par-

ticle; =-: Ad, again, there “m-e no data to establish the lo-w-incidence cncl
. . .

a dose-effect curve. And there ~s no general theory, or data on which
4

of
●

to

base a theory, which would permit extrapolation of the high incidence por -

- tion of the curve into the low incidence region. “ I a~ree and 1 suggest

.
that in L.:c5 a circumstance it is appropriate to vie~v tile sta.ndnrrls l.~ith.

extreme caution. .
-...

There is another hazardous aspect of the particulate problein in

which substantial uncertainty exists. In case of an aerosol dcpos.iting on..

a surface, the material may be resuspended in the air. This process is

.
crudely c!escribed by a quantity callecla resuspension factor which is re-

,., . -

markahle in that itseems generally known onl~ to within a factor of bil-
. . .

lions (Kathren, R., L., - 1968). lJnclouhtedly it can be pinpointed somcwhal

better than this fcr plutoni~im oxide, but the ha:ldicst way tO di~P~~c]l the “
“.

.-
problem is to say there is so,rnc* evidence that pIutoniun~ particles become

..

\

.,
t..
,.

.
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persons with respect to environmental contamination by plu~oniurn, a brief .

R. L., ““privatecornrnunication). A !1were persons who were viell acquainted

.
with the hazards of plutoniuni. The group consisted of 16 I?azards Control

personnel, primarily health physicists and senior radiation monitors. The -.4

remainder were professional personnel from Biomeclical Division; Chemis -

try, and MilitaryApplications,~t~hoha~ ex~en~ivee~p~rience. ~r~ithplutonium.

.
I had t~otl~iil~ to do with the survey, nor was I one of the members who was

.
querjecl. The conjectured situation wak that their neighborhood had been “

contaminated by plutonium cpzide to levels of 0.4 microcuries per square

meter. For reference, ” this value is roughly ten times the highest concen-

tration Dr.. Marten found east of the Rocky l?last Dow Chemical facility

(Nlartell,E.A. . 1970),--and bear in mind that a factor of ten is a small ‘
\

‘? . .
difference relative tci the large uncertainties associated with the hazards ~

.
. . \’

from plutonium contamination. Several questions were asked. Gne was, ‘-



.

fueled byplutonium. Since fusion reactors are presently specula-

dec~sionfor Iiquid metal fast breeders should beanticipatecl and
8 .

i!:’.,:1”
!!:!:

!lkLS6 ~bOU~ tll~ k\r~k

:/;”li
t 01 co:;ta.minatiollcncouukrcd cast of Iioc!:yFlats. ~:ij;

Finally1would Iil-.c to describe LIWproblcm in a l:~rgcr context.
!;~{j

1:4;
i\;;

]ly the year 2000, @LltOilh CYI -239 has tJcen conjcctur?d to be a majcir energy
!/1’.
j~;;

“.

Sotlt-cc. Commercial production is projected a~ 20. tons per year by 1980,
j~]:;

~!j~..::
in excess of 100 tons per year by 2000. Plutonium contamination is not an “ 111,

.,

academic question. Unless Iusion reactor feasibility is demonstrated in lj~

/
,4:,

the near future, the ce.mmit-ment will be macie to liquid metal fast breeder
!;:.

. “~:$:

reactors .
f:! !:

I

ii: ‘:
;.[~ : :;

tive, the I
. J;,::

1;q;j~~
;~~]~

plutonium should be considered as a major pollutant of remarkable toxiciiy
;~~j!!

and persistence. Considering the enormous ecoimmic inertia involved in ;:; :1.’
,~!:Ii!
:~~q::

.
+1>- onmm<+mon. -L it 1s i_- t--- ..lth CSp:CtS be carefully slid“rnm=~-!~ive that pillJ~~cllC:I

:1::!;;
---- ----------------- is!,:.

;[~y;

hones[ly definedprior to active promo: ion o! the industry. To livesanely ‘/;~;:
1!;];:

with plutonium one must appreciate the potential magnitude of the risk, and . y; l::

1“

,l! ! ;:

be able to monitor against all significant hazards. .
:t: : /!

.

An inc!eterminate amount of plutonti~m has gone off site at a majo:
. i’ !!!

:[. ]:~

l\ ~:!
facility 10 miles upwind from a metropolitan area. The loss was ;: !1.:

t \ ~ ~~;

The origin is somewhat s~lecul~ti~re as is the ultimate deposition. 4; i:i
\ Ijj ::1.

The health mcl safety of p~lblicand ~c:orkcrsare protectedby a - “ ~:t:.
j j;;

Ij;!

set of standards for plutonium acknolvledged to he mcani.@cSs. .

1

i q~:
.; J::

Such’ tliings rn:-:lie a travesty of public hcaltll. and raise scricws
!“

1]

; ::‘i ! .,
!:; ~,:’

quf:s[io:ts u}jout u Iturricd :It.cel)!:ln[:f’ C)f nurl~’:)t- et]cr~y.
‘1

i “1:
. ~.; ;:,

..
1*’ ;.”

--- ... ;; J
b<
:“;::-,. :;
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